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Abstract 
A systematic investigation on the generation of new host lattices by the 
combined use of urea, thiourea or selenourea and selected anionic species as building 
blocks and several quaternary organic cation as the enclosed guests is reported and 
discussed in this thesis. Different kinds of anions, such as halides, simple trigonal 
planar anions, monocarboxylate and dicarboxylate anions, as well as larger planar or 
nonplanar anions were used, together with symmetric tetraalkylammonium or 
phosphonium ions and unsymmetrical quaternary ammonium cations. Forty-four 
inclusion compounds of this general category have been prepared and unambiguously 
characterized by single-crystal X-ray analysis. 
The results have demonstrated that the classical urea and thiourea hydrogen-
bonded host lattices can be modified in interesting ways by the incorporation of 
various anionic moieties, with or without co-crystallized water or other uncharged 
hydrophilic molecules, and that novel host frameworks bearing different urea, 
thiourea or selenourea>^guest molar ratios are generated by variation in size of the 
hydrophobic, pseudo-spherical R4N^ guest species. 
The versatility of urea, thiourea or selenourea as a key component in the 
construction of novel host lattices is exemplified by the occurrence of many new 
types of linkage modes, which include various discrete units, chains or ribbons and 
composite ribbons with the corresponding anions. 
As envisaged, the present complexes exhibit a rich variety inclusion 
topologies, such as network of isolated cages, intersecting tunnels, dual channel 
systems, channel with cross-section of a peanut shape in which two parallel columns 
of guest can be accommodated, double layer system, wave-like layer, as well as the 
typical uni-directional channel and sandwich-like layer structures. 
It is of interest to note that so far no x-ray study has been done on 
compounds containing the allophanate ion NH2CONHCO2" (the parent acid is known 
in the form of its derivatives) and the dihydrogen borate anion BO(OH)2' (the fugitive 
conjugate base of boric acid). However, our experimental results clearly 
demonstrated that these elusive species can each be generated in situ and stabilized in 
the crystalline state through hydrogen-bonding interactions with its nearest neighbors, 
and that novel anionic host lattices can be constructed from urea molecules and these 
ions as building blocks. 
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Chapter 1. Introduction 
1.1. General Survey of Inclusion Chemistry 
The chemistry of inclusion compounds has a long history. ^  Although the nature 
of clathrates and inclusion compounds was clarified in 1947 by the pioneering study of 
Powell on the composition and structure of the SO2 clathrate of hydroquinone (also 
1 
known as quinol), the first report of this type of compounds can be traced back to 1823 
when Faraday3 prepared the clathrate hydrate of chlorine, and as early as 1811 ifDavy's 
observations^ were to be accepted as concrete evidence. 
Other major events of significance in the area of inclusion chemistry include the 
discovery of various inclusion compounds and hosts/'u such as Dianin's compound/^^ 
perhydrotriphenylene,iob cyclotriveratrylene/oc triphenylmenthane/od hexakis-(arylthio) 
and -(arylthiomethyl)benzenes,ioe tri-o-thymotido/^^ and choleic acids.^ ^® However, the 
most important advance emerged from the pioneering X-ray structural work on inclusion 
c0mp0unds"2 which opened up a whole new science of inclusion phenomena/^ The 
rapid advancement of inclusion chemistry in the last three decades was highlighted by the 
first crown ethers synthesized by Pedersen^^ and the cryptates introduced by Lehn and 
his c o w o r k e r s . i 5 Since then many interesting and novel applications of inclusion 
compounds have been introduced^^"^^ along with vigorous development in the synthesis 
and structural characterization of novel inclusion compounds. 
Modifications of existing host lattices and syntheses of new host molecules have 
been extended today with ever-increasing vigor. For example, Iwamoto and his 
coworkers have made extensive studies of Hofmann-type host lattices and introduced 
several interesting modifications.^^ MacNicol and his coworkers have synthesized many 
^M 
novel compounds based on "hexa-hosts" and related concepts, a recent example being 
the first per-substituted anthracene host molecule.^^ 
With the award of the 1987 Nobel Prize in Chemistry to Donald J. Cram, Jean-
Marie Lehn and Charles J. Pedersen,^ '^^ ^ inclusion chemistry has come to the fore in 
contemporary research. More and more novel inclusion compounds and new host 
molecules have been synthesized recently; for example, the new host compound 
1 
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phCH(OH)C(OH)Pli2],28 a tetraurea molecule that is capable of self-assembly into 
various associated states through hydrogen bonding,^^ as well as host-guest inclusion 
crystals formed when an optically-active host compound was mixed with an achiral guest 
compound in the solid s ta te ,� 
The common characteristics of inclusion compounds can be described using a 
static structural model. An inclusion compound is composed of two components: (i) a 
matrix element that is usually denoted as the host and (ii) guest species which are located 
inside this host matrix at specific sites,i As the annotation of a section in Chemical 
Abstracts, inclusion compounds include intercalates, clathrates, and other types of 
occlusion or enclosure compounds. The term “dathrate，，, which is derived from the Latin 
word "clathratus" meaning "enclosed by the bars of a grating", was introduced by H. M. 
Powell in 1948.32 工打（he sulfur dioxide clathrate of hydroquinone,^^"^^ the guest species is 
completely enclosed in cavities or cages provided by the network structure of the host. 
Various clathrate complexes are formed by hydroquinone,^^"^^ water/^'^^ phenol/^'^'^^ 
Dianin's compound/^ etc., and the tetraisoamylammonium fluoride-water system^^ (Fig. 
1.1.1) is a recent example. 
F^r^^[ ^^^^ 
攀懂 
Fig. 1.1.1. The cation (/-C5Hn)4N^ Fig. 1.1.2. Crystal structure ofCgK 
enclosed in a four-chamber cavity 
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The term "intercalate" is used for a special type of compounds formed by the insertion of 
molecules into empty sites between the layers of a lattice; a variety of species, such as K, 
r 4 《*^  
CrO3, SbF5 and A lCl3 , are known to form graphite intercalates. ， The structrue of 
CgK^^  is a typical example of this layer-type structure (Fig. 1.1.2). 
Another important class of inclusion compounds involves a channel-like 
structure, in which the host cavities extend in one dimension without restriction on its 
cross-sectional shape. The terms "channel", "tunnel", "canal" and "tube" have been used 
by various authors to describe this type of complexes, but the word channel is more 
predominantly employed in the recent literature.^^ Rigid alicyclic diols,^ "^^ ^ deoxycholic 
acid and apocholic acid/^ as well as urea and thiourea (Fig. 1.1.3), are typical examples 
of channel-type host materials. The class of mono-molecular coordinate inclusion 
complexes, in which larger host species are able to enclose and bind smaller guest 
molecules, has been subjected to the most intensive investigations.^^ Fig. 1.1.4 shows a 
recent example of aminosulfuric acid-crown ether complex,! 
’ � p ¥ ^ 5^^ 
《 ^ 於 . 4 • W p ^ ^ v ^ 
.iM^ > ^> 
> : 4 , � ’ 4 w 口 
. t � V - < / ^ 
Fig.1.1.3. The channel-type structure Fig.l,1.4. Structure of the complex 
of inclusion compounds of thiourea Ci 8H26N2O6.NH 3 SO3 .H 2O 
(for clarity the guest molecules are (Water molecule lying outside 
represented by large circles) the macrocycle is not illustrated) 
With the rapid development of inclusion chemistry, various different topologies 
of the host architecture are introduced: for example, linear non-intersecting channels, 
networks of intersecting channels, two-dimensional inter-lamellar regions within layered 
3 
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hosts, isolated cages and systems of interconnected cages.^^ A new system of 
classification and nomenclature applicable to the presently known and fiiture possible 
types of inclusion compounds or host-guest compounds was proposed by Weber about 











Two main criteria are used to describe inclusion compounds, (a) the host-guest 
interaction and (b) the topology of the host-guest aggregate. In regard to (a), inclusion 
compounds can be divided into the extremes of complex and clathrate (or cavitate). 
Those aggregates which are derived from a coordinative interaction between host and 
guest components are defined as complexes. Typical complexes are the metal ion 
complexes of crown ethers and cryptands.^^ On the other hand, in a clathrate, the guest is 
retained by steric barriers formed by the host lattice (crystal lattice forces, van der Waals 
interaction). Typical examples of such host-guest arrangement are the inclusion 
compounds formed by Dianin's compound, by urea, and by graphite7" '^^ ^^^ Another 
approach to make a distinction between complexes and clathrates is to contrast their 
behavior in solution: complexes remain their identity in solution, whereas clathrates 
normally decompose on dissolution. In respect to (b), there are two topological variants. 
One class comprises mono-molecular inclusion compounds or cavitates?�in which a 
smaller guest species is enclosed in a larger host, which are clearly distinguishable from 
multi-molecular lattice inclusion compounds, namely clathrates, in which the guest 
4 
Introduction Chapter 1 
molecules are accommodated in a lattice void formed by certain small host molecules. 
Typical examples of cavitates are the intramolecular cyclodextrin inclusion 
compounds.7，7i-73 However, in many of the recently known host-guest systems, both 
coordinative and crystal lattice forces contribute to the formation of the host-guest 
compound. 
Interest in inclusion compounds has increased markedly in recent years. Studies 
on the intermolecular interactions within inclusion compounds provide a widely variable 
method for the low temperature preparation of new metastable materials which are not 
accessible by other techniques. Studies on the formation process and on structural 
aspects have yielded new insight into the mechanisms of solid state processes as well as 
on the ordering states and dynamics of guest species. Systematic variations of physical 
properties can be achieved by appropriate inclusion of host and guest that involves 
electronic, optical and magnetic properties, anisotropy phenomena, phase transitions, 
ionic and electronic transport processes.^^ 
With respect to their applications, inclusion compounds are of interest for several 
reasons, they can be used as reversible battery electrodes, room temperature 
superconductors, electrochromic displays, hydrogen storage devices, shape selective 
heterogeneous catalysts, ionic and/or electronic conductors7^'^^ An important field of 
applications is also directed to chemical analysis and molecular separation processes,9 
1.2. The Importance of Hydrogen Bonds 
Historically the term "hydrogen bond" was introduced by Latimer and 
Rodebush82 to describe the nature of molecular association in the liquid state of 
compounds containing acidic hydrogen such as water, acetic acid, hydrogen fluoride, etc. 
This type of bonding, in which an hydrogen atom acts as a bridge between two highly 
electronegative atoms (F, 0，N, C1, etc.), has since been recognized as outstandingly 
important in determining crystal structures, various physical properties such as solubility 
and spectra. The hydrogen bond was first introduced as an important principle in 
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Structural chemistry to a wide audience by the chapter on Hydrogen Bonding in 
Pauling's first (1939) edition of The Nature of the Chemical Bond.^^ Subsequently, 
hydrogen bonding was recognised as a major cohesive force between molecules 
containing hydroxyl and amino groups, with carbonyl and hydroxyl groups as the major 
hydrogen bond acceptors. 
In a hydrogen bond formed between two electronegative atoms X and Y, the 
proton is usually more closely linked with one of them, say X. The system X-H. . .Y is, 
however, not necessarily strictly linear. For the 0-H.. .0 grouping (the most common 
type) the bond distances are 0 -H » 0.95 Aand 0 . . .0 « 2.75 A Symmetric hydrogen 
bonds, however, do exist. In the anions [FHF]', [C1HC1]' and [H2OHOH2]+ the proton 
lies at the mid-point of the line joining the two atoms. The strongest hydrogen bonds are 
observed in the bifluoride anions of compounds of the types MHF2 (M = Li, Na, K, Rb, 
NH4, Cs) and MF(HF2) (M = Sr, Ba).'^'^^ 
The ability of carbon atoms to act as proton donors in hydrogen bonds has been 
the subject of controversy for many years. Spectroscopic studies^^"^^ indicate that C-
H...X (X = 0，N, C1, or S) hydrogen bonds occur in many systems, a conclusion that is 
supported by quantum mechanical^ '^^ ^ and empirical potential energy calculations.^^ 
Unusual hydrogen bonds of the type X-H...C (X = 0，N) have been discussed 
recently.94-ioo while C-H...0 hydrogen bonds are widespread/oHos the complementary 
0-H...C interaction is rare because C is not as electronegative as 0 and also because C 
atoms are not often situated in sterically-unhindered positions (unlike carbonyl and 
ethereal 0 atoms which permit easy access by C-H groups to form C-H...0 bonds). 
The characteristic of inclusion compounds is the containment of guest molecules 
in empty spaces in a host lattice with weak host-guest interaction forces (normally van 
der Waals interaction) and stronger host-host interaction forces. It would be expected 
that the more energetic and directional of intermolecular forces, such as hydrogen bonds, 
would be involved as the host-host interactions in inclusion compounds, and this is 
indeed often observed. It is thus reasonable to postulate that substantial host-host 
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hydrogen bonding is necessary for the formation of a guest free host lattice. Considerable 
efforts have been devoted to the design of new hosts for the formation of stable 
crystalline inclusion compounds. Polar and coordinately active functional groups (e.g. 
OH, COOH, NH2) are structural elements frequently found in the constitution of host 
molecules.io Typical examples are urea (la), thiourea (lb), hydroquinone (2), Dianin's 
compound (3), 1,1 '-binaphthyl-2,2'-dicarboxylic acid (4)，deoxycholic acid (5) or simply 
water (Fig. 1.2.1). The hydrogen bonds may link some smaller molecules into small 
aggregates, and fiirther produce extended systems analogous to the chains, layers and 
three-dimensional networks within which some larger molecules can be accommodated. 
X j r s ^ rv。< 
.^ H0~^ ^ O H \ 
H 2 N ^ \ 卿 — ^ ^ 0 ^ " < C ^ ^ ^ 
l a X=0, lb X=S 2 3 ^^^""""^H 
、八 C^OOH 
^ ^ ^ ^ HO ^ Y ^ ^ ^ 
T 1 = I ^^^^^>Y^cooH r ^ A 
" ^ ^ ^ Y ^ Y ^ ^ ^ Y ^ 
v , , ^ A ^ H O " • _ • . ^ ^ K ^ H 
4 5 
Fig. 1.2.1. Constitutions of well-known hosts equipped with polar (H-bond-active) functional groups 
Combining features typical ofboth complexes and clathrates should provide new 
possibilities of host-guest control/^^ The use of oriented polar and coordinative bonds 
between the host and guest molecules, as is intended by the coordinatoclathrate 
principle, has greatly expanded the scope oflattice design. The host-guest interaction can 
be enhanced if particular donor substituents (e.g. specific functional groups) facing 
corresponding acceptor groups of the host molecules are incorporated into the guest, 
and vice versa. For instance, in the hydrogen-bonded host lattices built of urea or 
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thiourea molecules, with or without the incorporation of various anionic components, 
guest species containing hydroxyl group may be expected to form donor 0-H. . .0 or 0 -
H...S hydrogen bonds with the host, so that both van der Waals interactions and 
hydrogen bonding contribute to the stability of the inclusion compound (Fig.1.2.2 b), 
whereas in most classical inclusion compounds the guest species are retained only by 
steric barriers formed by the hydrogen-bonded host lattice (Fig.1.2.2 a).^^ 
I_ |iinnn I I 厂 
— — —  — ^ 
t ^ |；：：；：-；：|；：；：；：^：：1 至 三 n ^ « 1 議 _ _ _ 
_ _ 漏 圓 
^ ；涯涯：思1^ _ — — "•" ~^ ~^ jimiii I y 厂 -• 
a b 
I — — I _ 
host unit guest unit 
Fig. 1.2.2. Diagrammatic (projection) representation of two different modes of channel 
inclusion involving hydrogen bonding interactions (indicated by broken lines): (a) guest 
molecules retained by steric barriers formed by the hydrogen-bonded host lattice (b) 
hydrogen bonds also exist between host and guest components. 
1.3. Classical Inclusion Compounds of Urea, Thiourea and Selenourea 
The chemistry of urea and thiourea inclusion compounds has received much 
attention and is still a subject of continuing interest since their accidental discovery in 
l94Qio5 and 1947/^^ respectively. For over 50 years urea and thiourea inclusion 
compounds, in which molecules are entrapped within the cavities of a hydrogen-bonded 
urea/thiourea network, have intrigued chemists, crystallographers and spectroscopists. ^ ^^  
Urea, thiourea and selenourea are good host molecules because they have a well-defined 
8 
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1 AQ 
trigonal planar geometry ^^ig.1.3.1) and can form at least six hydrogen bonds. In the 
normal inclusion compounds of both urea and thiourea there are channels with a 
hexagonal cross section. The urea/thiourea molecules are almost coplanar with the walls 
® x 
^ ^ v ^ 
Niy yN2 o 6 
Fig l.3.1. Urea derivatives (X= 0，urea; X= S，thiourea; X= Se, selenourea) 
of the hexagonal prism, and the prisms are packed into a distinctive honeycomb lattice. 
The lattice is stabilized by the maximum possible number of hydrogen bonds: two donor 
by each NH2, and four acceptor by each 0 or S atom. All hydrogen bonds also lie 
virtually within the walls of the hexagonal prisms. In the urea-w-hydrocarbon complex, 
the urea molecules are arranged in three interpenetrating helical spirals, which are linked 
by hydrogen bonds to form the walls of each hexagonal channel in the crystal la t t ice^ 
j " : � � ^ K 我 、 、 j " K 
_ _ 
_耀 | 
Fig. 1.3.2. Stereodrawing of the hydrogen-bonded urea host lattice showing an empty channel extending 
parallel to the c axis. A urea ribbon is outlined by open lines. (Data from ref. 62). 
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Fig. 1.3.3. Stereodrawing of the hydrogen-bonded thiourea host lattice showing an empty channel 
extending parallel to the c axis. A thiourea ribbon is outlined by open lines. (Data from ref. 110). 
the channel structures of typical urea^^ and thiourea^^^ inclusion compounds are shown in 
the stereo packing plots (Fig. 1.3.2 and 1.3.3) in which one hydrogen-bonded twisted 
urea or thiourea ribbon is highlighted by open lines. 
Urea forms non-stoichiometric crystalline inclusion compounds (space group 
P6i22 or P6s22) comprising an extensively hydrogen-bonded honeycomb-like host 
lattice that contains linear, parallel, non-intersecting, cylindrical channels within which 
the guest molecules are densely packed. The minimum diameter of the urea channel 
ranges between 5.5 and 5.8 人⑴ Within urea channel a wide variety of guest molecules 
1 1 0 1 1 Q 
are accommodated, “ resently synthesis and structural characterizations of 
dialkylamineii9 and polypropylene^^^ urea inclusion were reported. Previous structural 
characterization of urea inclusion compounds, generally by X-ray diffraction^^ '^^ ^^ and 
solid state NMR techniques,^^^ has confirmed that they are incommensurate, that is, there 
exist no small integers m and n that satisfy mCh = nCg, where Ch and n^ are the host and 
guest repeat distances along the channel axis. Inter-channel ordering of w-alkane guest 
molecules have been experimentally and theoretically s tud ied? A recent review 
summarizes the current level of understanding of the structural and dynamic properties 
1 0 
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of urea and thiourea inclusion compounds as derived from the modern arsenal of physical 
1勺《 
methods, computer simulation and modeling. 
In a typical w-alkane inclusion compound, the urea molecules form a three-
dimensional hydrogen-bonded network, in which each oxygen is linked to four nitrogen 
atoms, and each nitrogen to two oxygen atoms of adjacent urea molecules. ^ ^^  Hydrogen 
bonds are also responsible for the helical grouping of the urea molecules in the channel 
wall and thus for the helicity of the respective inclusion lattice. ^ ^^  Direct binding of guest 
molecules to the channel wall via hydrogen bonding occurs, however, only in very 
exceptional cases. Recently, very interesting stress-induced domain reorientation has 
been observed in commensurate (3ch = 2cg) 2,10-undecanedione/urea (1:9), whose lattice 
symmetry is lowered to C222i by hydrogen-bonding interaction between the guest 
molecules and every third urea molecule along a channel wall. ^ ^^  
Thiourea adducts crystallize in several space groups in two crystal systems: 
rhombohedral R 3 2 / c ? i?3c/ ' ' R3c,' '^' ' ' ' RT'^ and monoclinic Ph/a '^^ ' '^ ' In the last 
space group, the adducts exist only at reduced temperatures except for those containing 
squalene or aromatic guests.^^^ In this type of classical inclusion compounds the host 
structure is built of thiourea molecules in an extensively hydrogen bonded lattice that 
contains parallel channels or tunnels, the minimum diameter of which ranges between 
about 5.8 - 7.1 人⑴ This diameter is wider than those formed by urea. Because of this, 
they can enclose a variety of guest, such as branched-chain alkanes and their derivatives, 
haloalkanes, 5-，6_ and 8-membered ring compounds, condensed aromatic ring systems, 
and even ferrocene and other metallocenes. ^ ^^ "^ ^^  Recent examples of appropriate guest 
molecules that have been investigated include cyclohexane and some of its derivatives 
such as chlorocyclohexane and bromocyclohexane, ^ ^^ '^ ^^  as well as some organometallics 
such as (benzene)Cr(CO)3 and (l,3-cyclohexadiene)Fe(CO)3."2 
Selenourea, like urea and thiourea, can form inclusion compounds with a variety 
ofhydrocarbons. Its inclusion properties were studied by van Bekkum and co-workers"3 
11 
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well over twenty years after the discovery of the analogous urea^^^ and thiourea^^^ 
inclusion compounds. The structures of adamantane inclusion complexes with thiourea 
and selenourea were also reported in 1989/44 
Though the difference in channel diameter between thiourea and selenourea 
inclusion compounds is small, selenourea seems to be much more selective in its choice 
of guest molecules.io7 There are more striking differences in the unit-cell dimensions of 
the selenourea inclusion compounds than are observed for the thiourea inclusion 
compounds, as adaptation of the selenourea lattice to the shape and size of the included 
molecules is apparently relatively easy/^^'^^^ A theoretical study of the conformations 
and vibrational frequencies in urea, thiourea and selenourea compounds has been 
148 + 
reported. Studies on the complexation ofTl with 1' and urea, thiourea, or selenourea 
(and their Me derivetives) using a horizontal zone electromigration method have 
indicated that the complexing capacities of the urea derivatives increase in the order urea 
< thiourea < N,N,N' ,N'-tetramethylthiourea < selenourea. ^ ^^  
1.4. Research Strategy 
Although the co-crystalline behavior of urea and thiourea was first reported over 
a half-century ago, recent work by Thomas and Harris^ ^ '^^ ^^ (UK) and Hollingsworthe^^^ 
O^SA) have shown that this phenomenon is much more complex, varied, and interesting 
than had been realized all along. Indeed, urea co-crystallized materials have even been 
featured on the front cover of Nature Vol. 376 in late 1995. 
Our interest is in the generation of new host lattices by the combined use of urea, 
thiourea or selenourea and other molecular species as the building blocks, leading to the 
formation of different inclusion topologies such as networks of intersecting tunnels, two-
dimensional inter-lamellar regions within a layered structure, isolated cages, and systems 
of interconnected cages by incorporating additional components into the construction of 
the hydrogen-bonded host lattice. 
12 
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In our design of new urea/thiourea-anion host lattices, the following different 
types of anions have been used: 
(a) halide and pseudohalide ions, such as: 
F", cr, Bf , r, CN-
(b) simple trigonal planar anions, such as: 
0 _ 0 " 0 - H、？ 
O - S ^ H 0 人 0 0 ^ ^ ' 0 - o z B ^ o z H 
bicarbonate HCO3" carbonate CO3^ ' nitrate NO3' hydrogen borate H2BO3" 
(c) monocarboxylate anions, such as: 
0- H � 0-
H - C H - ; C - C , 
0 H 0 
formatate acetate 
(d) dicarboxylate anions, such as: 
H 0 H 0 
0 � p " . ^ V _ c ^ V r ^ 
\\ / 0 � � L \ HO /C-C 
/C—C\\ > - ( f 0 - > - c ^ V 
H-0 ' 0 o � H 0 � \H 
hydrogen oxalate HC2O4' fumarate C4H2O4^ ' hydrogen fumarate HC4H2O4" 
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(e) larger planar or nonplanar anions, such as: 
H \ / H � H � 0 � B z O � 
N 0 H , , 
I J o � ^ z � 
O ^ N - S y i l H 
H B, R H H V 0 0 
allophanate NH2CONHCO2" pentaborate B5O6(OH)4" 
As a class of well-known inclusion compounds, the tetraalkylammonium salt 
hydrates were found to be clathrates with a rich variety of three-dimensional hydrogen-
bonded host structures built of water molecules^^® and anionic moieties such as halide 
ions,i5i-i53 CH3COO-/54 [B5O6(OH)4]-155 and calixarenes/'' 
We have utilised several symmetric tetraalkylammonium ions (R4N^, Fig l.4.1, 1) 
as template guest moieties for the generation of new ureaythiourea/selenourea-anion host 
lattices. As a logical extension of the urea/thiourea-peralkylated ammonium salt family, 
we consider some unsymmetrical quaternary ammonium cations R3R'N^ (2, 3 smaller 
and larger disparity in size o f R and R，，respectively; and 4，R and R，differ greatly in 
both size and shape), in order to understand the influence of the changing of shapes and 
sizes of the enclosed guests. Following this idea of altering the quaternary organic 
cation, we have also prepared analogous inclusion compounds in which the quaternary 
nitrogen atom is replaced by phosphorus to give R4P+ (5). The choline ion 
(CH3)3N^(CH2)2OH (6) containing a H-bond active hydroxyl group was also used in an 
attempt to generate a "coordinatoclathrate in a coordination-assisted host lattice"/^ 
14 
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Fig. 1.4.1. Guest moieties used in this study 
This thesis reports synthetic and structural investigations of a series of interesting 
urea/thiourea/selenourea-peralkylated ammonium salt inclusion compounds in a 
systematic fasion. Many new varieties of host lattices with novel structural features have 
also been revealed, and the results are presented and discussed in the following chapters. 
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Chapter 2. Description of Crystal Structures 
2.1. Urea-Anion Inclusion Compounds 
In order to develop new urea-anion host lattices the halide ions (2.1.1-2.1.5), 
simple trigonal planar oxo-anions such as HCO3" (2.1.6-2.1.7) and BO(OH)2' (2.1.10-
2.1.11) the novel planar allophanate ion NHjCONHCOj" (2.1.8-2.1.9) as well as 
some nonplanar anions such as aforementioned pentaborate ion [B5O6(OH)4]" 
(2.1.12-2.1.13), which have functional 0 atoms or hydroxyl groups that can act as 
proton donors or acceptors in hydrogen bonding, have been used in this study. 
A very interesting recent development in the field of host-guest chemistry is 
the construction of new three-dimensional hydrogen-bonded diamond-related 
(‘diamondoid，) networks formed by some molecules possessing tetrahedrally directed 
functional groups，such as tetracarboxylic acids^"'^ ^^ and rigid tetrapyridones/^^ 
Mixed diamondoid networks are also constructed with tetrafunctional cubane-like 
clusters [M(CO)3(^i-OH)]4 (M = Mn, Re), which form donor hydrogen bonds to the 
complementary difunctional proton-acceptor molecule 1,2-diaminoethane. ^ ^^  It has 
been shown that the spirocyclic pentaborate ion, [B5O6(OH)4]", is capable of self-
assembly into open hydrogen-bonded host frameworks, thus forming structurally 
related channel-type clathrates, A[B5O6(OH)4], with a number of differently-sized 
quaternary ammonium cations as guest species (e.g., A = Me4>T, Et4>T, PhMe3N^, 
p i p e r i d i n i u m ) . i 6 i Isotypic three-dimensional channel host systems can be generated by 
trapping the even larger quaternary ammonium ions, (w-Pr)4N+ and (w-Bu)4>T, in an 
assembly of hydrogen-bonded pentaborate ions and neutral boric acid molecules, and 
• 162 the resulting host network bears a close relationship to the diamond net. 
The (2-hydroxyethyl)trimethylammonium cation, commonly known as 
choline, has been used in a study of guest-exchange for adducts of a bisresorcinol 
derivative of anthracene, and it has been recognized that, in addition to hydrophobic 
and van der Waals interactions, host-guest hydrogen-bonding must at least partially 
be responsible for the complexion in an aqueous medium/^ '^^ ^^ It has also been 
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inferred from the infrared spectrum of choline fluoride that the hydroxyl group of the 
choline cation is tightly bound to the fluoride ion by an interaction which appears to 
be intermediate between the electrostatic and covalent types ofhydrogen bonds/^^ 
In this thesis we report the preparation and structural characterization of a 
novel crystalline complex, (CH3)3N+(CH2)2OH.NH2CONHCCV.0^2)2CO (2.1.14), 
in which the choline ions are accommodated in, and hydrogen-bonded to, a host 
lattice built of urea molecules and allophanate ions. In the nomenclature proposed by 
Weber, 2.1.14 can be described as a "coordinatoclathrate in a coordination-assisted 
host lattice".'' 
Following this idea of altering the quaternary organic cation, we have recently 
prepared analogous inclusion compounds in which the central nitrogen atom is 
replaced by phosphorus, a higher member of the pnicogen group. In the X-ray 
structures of (C4H9)4P^F4"''' and (C2H5)4Pl(V2O3)2(O3PPh)4F] / ' ^ the (C4H9)4P+ 
cation exhibits crystallographic 23(7) symmetry with P-C = 1.924 and C-C = 1.53lA, 
but the carbon atoms of the (C2H5)4P+ cation suffer from unusually large “thermal 
motion". A shorter average P-C bond length (1.775A) for the 
tetramethylphosphonium cation was reported in its dicopper pentachloride 
complex.i68 In order to investigate the effect of employing larger cations in the 
construction of urea-anion host lattices, a pair of anhydrous urea-chloride complexes, 
(C2H5)4N^Cr 2O^2)2CO (2.1.16) and (C2H5)4P^Cl -20^2)2^0 (2.1.17) were 
prepared and characterized. 
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2.1.1. New Inclusion Compounds of Urea with Tetra-w-
propylammonium HaIides 
Crystal Structure of2(n-C3H7)4>TF.70SfH2)2CO.3%O (2.1.1) 
In complex 2.1.1, the urea molecules, water molecules and fluoride ions 
constitute a three-dimensional host lattice containing an open channel system running 
in the [010] direction, as shown in Fig. 2.1.1. This urea-water-anion lattice is built 
from twisted urea ribbons running parallel to the [110] and [110] directions and 
cross-bridged by water molecules and fluoride anions via hydrogen bonds. Features 
of and relations between these ribbons and the bridging species may be conveniently 
described with reference to the hydrogen bonding scheme shown in Fig. 2.1.2 and 
Table 2.1.1. 
Yp=Z^ Y^==^ 
z � / 8 、 關 ； ^ n i . ^ ¾ ¾ 
m 0',:' ^ f 嗜 . 
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z � - 念 參 _ 。 ^ ” 。 ] % & _ # ^ & 
V.*>� 力 '、•[. ^ ； '；», 、、-:•， \) �“L '»{ » 
§ _ ij^ 書 歡 ii> 
! 、 3 / 8 德 _ _ 圆 機 _ 時 
A^. ’ K- x^ \V, > 0\ \ \';J ；'- (^ \ i^ 0. \ 
^¾ .^ - » b..- - • 略 ' • i>|:i.V0 kw0 i^,0 H^ \o 
z~iz8 i p ^ m [_ 泰、^^:说 
r ^ y _ z 3 
Fig. 2.1.1. Stereodrawing showing the channel structure of2(w-C3H7)4N^- 7GSfH2)2C0 3H20 
(2.1.1). The origin of the unit cell lies at the upper left comer, with a pointing 
from left to right, b towards the reader, and c downwards. The directions of the 
urea ribbons at different levels along the c axis are indicated. Broken lines 
represent hydrogen bonds. For clarity the enclosed ("-C3H7)4N^ ions are 
represented by large shaded circles. 
Five independent urea molecules C(1) [for simplicity the urea molecule 
composed ofatoms C(1), 0(1)，N(1) and N(2) is designated as C(1)], C(2), C(3), 
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C(4) and C(5) are arranged sequentially and connected by pairs ofN-H...O hydrogen 
bonds in the usual shoulder-to-shoulder manner to form a pentamer, which serves as 
a repeating structural unit in generating an infinite urea ribbon. The torsion angles in 
the range 12.8 to 72.4° between adjacent urea molecules indicate that this ribbon has 
a highly twisted configuration. Two urea ribbons related by inversion symmetry are 
extended along the [110] direction, and at a location which is one-half translation 
away along the c axis, there are two similar ribbons which extend in the [110] 
direction (Fig. 2,1.1). Fluoride ion F(1) and water molecule 0(1W) plus their 
centrosymmetrically related partners form a cyclic (H20.F)2 tetramer consolidated by 
two pairs of 0-H...F hydrogen bonds, which together with the sixth urea molecule 
C(6) lie between a pair of ribbons running in the same direction, i.e., parallel to [110] 
or [110]. The last urea molecule C(7) in the asymmetric unit, fluoride ion F(2), and 
water molecule 0(3W) are linked by 0(water)-H...0, 0(water)-H...F and N-H...F 
hydrogen bonds to form a cyclic trimer, which together with water molecule 0(2W) 
are situated between two urea ribbons extending in different directions. The alternate 
crisscross arrangement of these urea ribbons, which are cross-bridged by urea and 
water molecules and fluoride ions lying in layers corresponding to the (004) family of 
planes, generates a three-dimensional host lattice containing an open channel system 
running parallel to the b axis, as illustrated in Fig. 2.1.1. 
The basic component of the host lattice of 2.1.1 may also be described as a 
composite ribbon constructed from urea molecules C(1) - C(6) and (H2O F )2 units 
(Fig. 2.1.2). These composite ribbons point alternately in the [110] and [TlO] 
directions, and their cross-linkage by C(7), F(2), 0(2W) and 0(3W) generates the 
channel-type host network. 
The tetra-w-propylammonium cations are well ordered and nearly attain 
idealized 42m molecular symmetry. When the crystal structure of 2.1.1 is viewed 
parallel to the b axis (Fig. 2.1.1), the (w-C3H7)4N(15)+ cations are accommodated 
within the channels at z = 0 and Vi, and the («-C3H7)4N(16)+ cations are 
accommodated within the channels at z = � / � a n d %. 
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Fig. 2.1.2. Projection drawing of the hydrogen-bonded urea ribbons in 2.1.1. The atom 
labels correspond to those given in Tables 2.1.1. Portions of a urea ribbon and a 
composite ribbon are indicated. Broken lines represent hydrogen bonds, and 
atom types are distinguished by size and shading. 
Table 2.1.1. Selected bond distances (A), bond angles (。）and torsion angles (。）in the urea-
halide anionic systems* 
2(w-C3H7)4N+F-.70*^H2)2CO3H2O(2.1.1) 
(i) Urea molecules 
0(1)-C(1) 1.244(7) C(l)-N(l) 1.341(7) 
C(l)-N(2) 1.341(7) 0(2)-C(2) 1.240(7) 
C(2)-N(3) 1.328(7) C(2)-N(4) 1.355(7) 
0(3)-C(3) 1.233(7) C(3)-N(5) 1.346(7) 
C(3)-N(6) 1.337(7) 0(4)-C(4) 1.232(7) 
C(4)-N(7) 1.346(7) C(4)-N(8) 1.339(7) 
0(5)-C(5) 1.250(7) C(5)-N(9) 1.339(7) 
C(5)-N(10) 1.329(7) 0(6)-C(6) 1.242(7) 
C(6)-N(11) 1.343(8) C(6)-N(12) 1.335(8) 
0(7)-C(7) 1.228(8) C(7)-N(13) 1.356(8) 
C(7)-N(14) 1.335(8) 
0(1)-C(1)-N(1) 121.7(5) 0(l)-C(l)-N(2) 121.3(5) 
N(l)-C(l)-N(2) 117.1(5) 0(2)-C(2)-N(3) 122.0(5) 
0(2)-C(2)-N(4) 121.7(5) N(3)-C(2)-N(4) 116.3(5) 
0(3)-C(3)-N(5) 121.4(5) 0(3)-C(3)-N(6) 121.9(5) 
N(5)-C(3)-N(6) 116.6(5) 0(4)-C(4)-N(7) 122.4(5) 
0(4)-C(4)-N(8) 122.1(5) N(7)-C(4)-N(8) 115.5(5) 
0(5)-C(5)-N(9) 120.9(5) 0(5)-C(5)-N(10) 121.4(5) 
N(9)-C(5)-N(10) 117.7(5) 0(6)-C(6)-N(ll) 121.1(5) 
0(6)-C(6)-N(12) 123.8(5) N(ll)-C(6)-N(12) 115.0(5) 
0(7)-C(7)-N(13) 121.0(5) 0(7)-C(7)-N(14) 123.3(6) 
N(13)-C(7)-N(14) 115.7(6) 
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Table 2.L1. (continued) 
(ii) Hydrogen bonding 
N(3)...0(1) 3.010 N(14a)...0(l) 3.004 
N(9)...0(lj) 3.052 N(2)...0(2) 3.046 
N(5)...0(2) 2.936 N(llc)...0(2) 3.160 
N(4)...0(3) 2.997 N(7)...0(3) 2.927 
N(6)...0(4) 2.905 N(10)...0(4) 3.025 
N(12)...0(4) 3.194 N(8)...0(5) 2.942 
N(13d)...0(5) 2.933 N(lj)...0(5) 3.054 
N(6)...0(6) 3.021 N(5c)...0(6) 2.861 
0(2w)...0(7) 2.879 0(3Wd)...0(7) 2.808 
N(lb)...F(l) 2.823 N(12)...F(1) 2.737 
N(10)...F(1) 3.003 N(ll)...F(l) 3.187 
0(1W)...F(1) 2.620 0(lWh)...F(l) 2.716 
N(3)...F(2) 2.805 N(14a)...F(2) 2.914 
0(2W)...F(2) 2.705 N(3W)...F(2) 2.471 
N(2b)...0(lW) 3.024 N(9)...0(lW) 2.961 
N(4b)...0(2W) 3.015 N(13)...0(2W) 3.244 
N(7c)...0(3W) 2.993 N(8c)...0(3W) 3.039 
N(12)...F(l)...N(10) 69.3 N(10)...F(l)...N(lb) 98.9 
N(lb)...F(l)...0(lW) 94.1 0(lW)...F(l)...0(lWh) 79.4 
0(lWh)...F(l)...N(12) 116.6 N(3)...F(2)...0(2W) 85.1 
0(2W)...F(2)...0(3W) 115.1 0(3W)...F(2)...N(14a) 81.9 
N(14a)...F(2)...N(3) 74.6 N(2b)...0(lW)...N(9d) 95.3 
N(7c)...0(3W)...N(8c) 44.2 
C(l)-N(2)...0(2)-C(2) -40.9 C(2)-N(4)...0(3)-C(3) -21.8 
C(3)-N(6)...CX4)-C(4) -25.3 C(4)-N(8)...0(5)-C(5) -42.6 
C(5)-N(9)...0(lj)-C(lj) -72.1 C(lj)-N(lj)...0(5)-C(5) -72.4 
C(5)-N(10)...0(4)-C(4) -35.3 C(4)-N(7)...0(3)-C(3) -12.8 
C(3)-N(5)...0(2)-C(2) ^ 4 ^ C(2)-N(3)...0(l)-C(l) -43.3 
*Symmetry transformations: 
a (-x, 0.5+y, 0.5-z); b (x, l+y, z); c (l-x, l-y, l-z); 
d (l-x, 0.5+y, 0.5-z); e (-x, -0.5+y, 0.5-z); f(l-x, -0.5+y, 0.5-z); 
g (X，-l+y, z); h (l-x, 2-y, l-z); i (-1+x，-l+y, z); 
j (1+x, l+y, z) 
Standard deviations in hydrogen bond lengths and bond angles: 
a (0 « 0.008 A, CT {G) « 0.5 ° 
Anhydrous chloride complexes (n-C^Uj)^ l<^^CV'2Q<^R2)2CO (2.1.2) and 
(w-C3H7)Xcr.3_2hCO (2.1.3) 
Fig. 2.1.3 shows a portion of a urea-chloride layer consolidated by hydrogen 
bonding in the host structure of 2.1.2. Both independent urea molecules C(1) and 
C(2) are alternately linked by pairs ofN-H...O hydrogen bonds to form a slightly 
buckled ribbon running parallel to the [101] direction; the ribbon is close to being 
planar as indicated by the small mean deviation (0.199 A) of atoms from the least-
squares plane involving urea molecules C(1), C(2), C(lb) and C(2c). Adjacent 
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ribbons are related by a n glide plane and aligned in such a way that each has a urea 
molecule forming donor hydrogen bonds to the same chloride ion in a bidentate 
chelating mode. The resulting puckered layer which corresponds to the (040) plane is 
thus generated by hydrogen bonded urea ribbons and bridging chloride ions. As 
shown in Fig. 2.1.3, an open octagon (neglecting hydrogen atoms) lies between a pair 
of chloride ions in each layer. This urea-halide lattice can be contrasted with that of 
the related inclusion compound (w-C4H9)4N+Cr.20SfH2)CSi69 in which each 
independent thiourea molecule gives rise to a thiourea ribbon, and the compound 
(w-C4H9)3(CH3)N+Cr*20sfH2)CSi7o in which each thiourea ribbon is constructed from 
two independent thiourea molecules and the ribbons are arranged in a crisscross 
fashion. 
A stereoview of the crystal structure of 2.1.2 is illustrated in Fig. 2.1.4. It is 
seen that the ordered (w-C3H7)4N+ cations are sandwiched between hydrophilic layers 
with one alkyl leg pointing toward a neighboring octagonal void. The interlayer 
spacing is 7.58 A ( = b!2), which is smaller than the corresponding value for a similar 
layer structure with tetra-w-butylammonium cations accommodated in the urea-
bicarbonate host lattice, l/a* = 8.32 A in triclinic (n-C4H9)4^+UCO3''3Qm2)2CO,^^^ 
as may be expected in view of the relative sizes of the cations. 
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Fig. 2.1.3. The hydrogen-bonding scheme in a urea-anion layer in the ctystal structure of 
(rt-C3H7)4N^Cr.2(NH2)2CO (2,1.2). The atom labels correspond to those given 
in Tables 2.1.2. Broken lines represent hydrogen bonds. 
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Fig. 2.1.4. Stereodrawing of the layer structure of 2.1.2. The origin of the unit cell lies at 
the upper right comer, with a pointing from right to left, b downwards and c 
towards the reader. Broken lines represent hydrogen bonds, and atom types are 
distinguished by size and shading. 
The atom labeling scheme and hydrogen-bonding interactions among the 
components of the host framework of 2.1.3 are shown in Fig. 2.1.5. The three 
independent urea molecules in the asymmetrical unit are linked into spiral ribbons as 
found in the crystal structures of urea and thiourea. These three-molecule ribbons run 
parallel to the [201] direction. Urea molecules C(1) and C(2) are essentially coplanar, 
as the C-N...O-C torsion angles between them are 7.5 and 8.6°. However, the third 
urea molecule C(3) is inclined with respect to the main plane of the ribbon, the 
relevant torsion angles being C(2)-N(3)...0(3)-C(3) = 45.7, C(3)-N(6)...0(2)-C(2)== 
26.8, C(3)-N(5)...0(lb)-C(lb) = 35.2 and C(lb)-N(2b)...0(3>C(3) = 45.0°, 
respectively. Ribbons related by the c glide operation and lying side by side are 
concentrated about the plane z = Va； the 2i glide operation generates an equivalent, 
but staggered, planar arrangement of urea ribbons located at z = % (Fig. 2.1.6). The 
chloride ions are sandwiched between these planar arrays and each forms six N-H...C1 
accepted hydrogen bonds in the bidentate chelating mode with two urea molecules on 
one side and one urea molecule on the other (Fig. 2.1.5). As shown in a stereoview 
of the crystal structure, the resulting three-dimensional framework contains open 
channels that run parallel to the [10T] direction (Fig. 2.1.6). The well-ordered 
tetrahedral (w-CsH7)4N+ cations are stacked in a single column within each channel. 
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Fig. 2.1.5. Hydrogen-bonding scheme showing a layer of spiral urea ribbons cross-linked by N-
H...C1 hydrogen bonds in (w-C3H7)4>Tcr.30SfH2)2CO (2.1.3). The linkage of C1(1) to a urea 
molecule belonging to an adjacent layer is also illustrated; this type of linkage generates the 
channel-type host lattice as shown in Fig. 2.1.6. The atom labels correspond to those given in Tables 
2.1.2. Broken lines represent hydrogen bonds. 
^¢^^3^ $^^ K% 
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Fig. 2.1.6. Stereodrawing of the crystal structure of 2.1.3 showing the layers of urea ribbons at 
y w 4^ and V�and the channels running parallel to [10T]. Broken lines represent 
hydrogen bonds, and atom types are distinguished by size and shading. For clarity 
the enclosed (w-C3H7)4N^ ions are represented by large shaded circles. 
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Table 2.1.2. Selected bond distances (A), bond angles (°) and torsion angles 0 in the urea-
halide anionic systems* 
(#i-C3H7)4N+Cr-20^H2)2CO (2.1.2) 
(i) Urea molecules 
0(1)-C(1) 1.244(7) C(l)-N(l) 1.334(6) 
C(l)-N(2) 1.333(6) 0(2)-C(2) 1.257(7) 
C(2)-N(3) 1.340(6) C(2)-N(4) 1.329(5) 
0(1)-C(1)-N(1) 122.0(4) 0(l)-C(l)-N(2) 122.2(4) 
N(l)-C(l)-N(2) 115.8(5) 0(2)-C(2)-N(3) 121.0(4) 
0(2)-C(2)-N(4) 122.0(4) N(3)-C(2)-N(4) 117.0(5) 
(ii) Hydrogen bonding 
N(3c)...0(l) 2.937 N(4)...0(1) 2.949 
N(l)...0(2) 2.941 N(2b)...0(2) 2.969 
N(ld)...Cl(l) 3.325 N(2d)...Cl(l) 3.332 
N(3)...C1(1) 3.317 N(4)...C1(1) 3.366 
N(ld)...Cl(l)...N(2d) 39.7 N(2d)...Cl(l)...N(4) 130.7 
N(ld)...Cl(l)...N(4) 124.5 N(3)...Cl(l)...N(4) 39.8 
C(2)-N(4)...0(l)-C(l) 9.1 C(l)-N(2)...0(2c)-C(2c) -51.5 
C(2c)-N(3c)...0(l)-C(l) -33.3 C(l)-N(l)...0(2)-C(2) -11.8 
(#f-C3H7)4N+Cr 3OVH2)2CO (2.1.3) 
(i) Urea molecules 
0(1)-C(1) 1.230(6) C(l)-N(l) 1.344(5) 
C(l)-N(2) 1.339(5) 0(2)-C(2) 1.241(5) 
C(2)-N(3) 1.332(5) C(2)-N(4) 1.339(5) 
0(3)-C(3) 1.244(5) C(3)-N(5) 1.339(5) 
C(3)-N(6) 1.344(5) 
0(1)-C(1)-N(1) 122.0(4) 0(l)-C(l)-N(2) 122.0(4) 
N(l)-C(l)-N(2) 116.0(4) 0(2)-C(2)-N(3) 122.4(4) 
0(2)-C(2)-N(4) 122.2(4) N(3)-C(2)-N(4) 115.5(4) 
0(3)-C(3)-N(5) 122.0(4) 0(3)-C(3)-N(6) 121.4(3) 
N(5)-C(3)-N(6) 116.6(4) 
(ii) Hydrogen bonding 
N(4)...0(1) 2.899 N(5e)...0(l) 2.890 
N(l)...0(2) 2.978 N(6)...0(2) 2.946 
N(3)...0(3) 2.957 N(2b)...0(3) 2.984 
N(1)...C1(1) 3.424 N(2)...CI(1) 3.355 
N(3c)...Cl(l) 3.304 N(4c)...Cl(l) 3.379 
N(5e)...Cl(l) 3.303 N(6e)...Cl(l) 3.323 
C(l)-N(l)...0(2)-C(2) 8.6 C(2)-N(3)—0(3)-C(3) 45.7 
C(3)-N(5)...0(lb)-C(lb) 35.2 C(lb)-N(2b)...0(3)-C(3) 45.0 
C(3)-N(6)...0(2)-C(2) ^ CX2)-N(4)...0(1)-C(1) 7 ^ 
*Symmetry transformations: 
2.1.2, a (-0.5+x, 0.5-y, 0.5+z); b (-0.5+x, 0.5-y, -0.5+z); c (0.5+x, 0.5-y, 0.5+z); 
d (0.5+x, 0.5-y, -0.5+z) 
2.1.3, a (X, 0.5-y, -0.5+z); b (-l+x, 0.5-y，l-z); c (l+x, 0.5-y, 0.5+z); 
d (X，0.5-y, 0.5+z) 
Standard deviations in hydrogen bond lengths and bond angles: 2.1.2, a (/) « 0.007 A, a {0) « 0.4。； 2.1.3, a (0 « 0.007 A, a {0) « 0.4 ° 
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Isomorphous Channel-Type Structure of (w-C3H7)4KTBr-.30<fH2)2CO.H2O (2.1.4) 
and (w-C3H7)4NT.3_2)2CO.H20 (2.1.5) 
Complexes 2.1.4 and 2.1.5 are isomorphous with the same basic host skeleton 
and differ only in the halide anions; a preliminary account of the crystal structure of 
complex 2.1.4 was reported in 1974.^ ^^ As shown in Fig. 2.1.7, the dominant feature 
is a channel system extending parallel to the [lTO] direction. This channel framework 
is built of corrugated urea layers that are interlinked by cyclic (H2O-X)2 tetramers via 
N-H...X and N-H...O(water) hydrogen bonds. Structural characteristics of the urea 
layers may be conveniently described with reference to the hydrogen bonding scheme 
shown in Fig. 2.1.8 and Table 2.1.3. 
Two independent urea molecules C(1) and C(2) in the asymmetric unit are 
connected by a pair of N-H...0 hydrogen bonds to form a dimer. The dimers are 
arranged in a broadside manner and interlinked by pairs of lateral N-H. . .0 hydrogen 
bonds to generate a puckered, wide ribbon running parallel to the a axis; the 
deviation of its molecular moieties from co-planarity is shown by the torsion angles 
C(l)-N(lh.O(2)-C(2) = -50.6 and C(2)-N(4)...0(l)-C(l) = -47 .5� in 2.1.4, and the 
corresponding values in 2.1.5 are -47.1 and -45.2°, respectively. These wide ribbons 
are arranged side by side and cross-linked by other urea molecules derived from 
C(3), each forming two N-H...0 donor and four O...H-N acceptor hydrogen bonds 
to four urea molecules in adjacent ribbons to generate a corrugated layer (Fig. 2.1.8). 
The mean plane of this urea layer corresponds to (002), and the inter-layer separation 
is Vc* = 14.561(3) A for 2.1.4 and 14.674(3) A for 2.1.5. 
Pairs of centrosymmetrically related water molecules and halide ions are 
linked together by 0-H...X hydrogen bonds to form a cyclic tetramer, the dimensions 
of which are shown in Table 2.1.4. Functioning as bridging units, these (HzO-X^ 
quadrilaterals are located between the corrugated urea layers and cross-link them to 
generate a channel host lattice，as illustrated in Fig. 2.1.7. Note that the urea 
molecules of type C(3) protrude from both sides of each urea layer, thus facilitating 
their linkage to the water-halide tetrameric units (Fig. 2,1.8). 
The cross-section of a channel in the host lattice of 2.1.4 and 2.1.5 has the 
shape of that of a peanut, and the diameter of each semicircular bulge is about 7.56 A 
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for 2.1.4 and 7.59A for 2.1.5. The tetrahedral (w-C3H3)4N^ cations are well ordered 
and arranged in a zigzag double column within each channel (Fig. 2.1.7). 
# S ^ w l f 0 % ^ : ^ . : : ; t / 0 f \ # % K if® y^'" w « ： ^ • � 0 k y0 1^  � f “ 0 4 yO ^ if r ' 0 o n ^ ^ ^ 0 ^ f o ^ n p ^ : ^ 0 .1 W j 0 ^ ' ^ f：> ^ i i 0 ^ ?• ^  ?'> 
^ 4 U #、滅 : 1 
J ) : : f � 應 4 布 . ¥ 
/r o ^ � � 4 0 > / r o ^ T ^ ^ 0 ； 
k j 0 j 纷 f k , j . 0 J % f 
‘ r ^ V V _ v v ^ 
Fig. 2.1.7. Stereodrawing of the crystal structure of (w-C3H7)4N^_ 30^2)2COH20 (X = Br 
for 2.1.4, X = I for 2.1.5) showing the accommodation of a zigzag column of («-
C3H7)4N^ ions in each channel running parallel to the [lTO] direction. The host 
structure is built from corrugated urea layers and bridging cyclic (H2O-X')2 
tetramers. Note the peanut shape of the cross-section of each channel. Broken lines 
represent hydrogen bonds, and atom types are distinguished by size and shading. 
^ ¾ ^ ? ^ 
N ^ ^ ， ^ ^ : h ( " ' - ^ ,>;^^^J;r:A VW ^ ^^-/V N^ 2^?¥:J)^:h L^ j^^yy；^ 
^ : ¾ ¾ ¾ ( 
Fig. 2.1.8. Projection drawing of the hydrogen-bonded corrugated urea layer in 2.1.4 (or 
2.1.5) at z = K comprising wide urea ribbons derived from C(1) + C(2) and 
bridging urea molecules derived from C(3), which point alternately up and down 
in the ribbon direction. The atom labels correspond to those given in Tables 2.1.3. 
Broken lines represent hydrogen bonds. 
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Table 2.1.3. Selected bond distances (A), bond angles (。）and torsion angles (。）in the urea-
halide anionic systems* 
(#i-C3H7)4N^r"-30^H2)2COH2O(2.1.4) 
(i) Urea molecules 
0(1)-C(1) 1.254(4) C(l)-N(l) 1.351(3) 
C(l)-N(2) 1.338(3) 0(2)-C(2) 1.234(3) 
C(2)-N(3) 1.346(4) C(2)-N(4) 1.344(3) 
0(3)-C(3) 1.264(4) C(3)-N(5) 1.334(3) 
C(3)-N(6) 1.335(4) 
0(1)-C(1)-N(1) 121.3(2) 0(l)-C(l)-N(2) 121.0(2) 
N(l)-C(l)-N(2) 117.7(3) 0(2)-C(2)-N(3) 120.6(2) 
0(2)-C(2)-N(4) 121.6(2) N(3)-C(2)-N(4) 117.8(2) 
0(3)-C(3)-N(5) 120.6(3) 0(3)-C(3)-N(6) 121.1(2) 
N(5)-C(3)-N(6) 118.3(3) 
(ii) Hydrogen bonding 
N(4)...0(1) 2.977 N(4a)...0(l) 2.984 
N(5g)...0(l) 2.982 N(l)...0(2) 2.956 
N(lb)...0(2) 2.913 N(6)...0(2) 3.012 
N(3)...0(3) 3.014 N(3e)...0(3) 2.947 
N(2c)...0(3) 3.001 N(2b)...0(3) 2.958 
N(5)...Br(l) 3.490 0(lW)...Br(l) 3.360 
0(lW)...Br(lf) 3.389 
N(5)...Br(l)...0(lW) 64.4 Br(l)...0(lW)...Br(lf) 113.1 
N(5)...Br(l)...0(lWf) 120.9 
C(l)-N(l)...0(2)-C(2) -50.4 C(2)-N(3)...0(3)-C(3) -48.6 
C(3)-N(5)�0(lc)-C(lc) -53.1 C(lc)-N(2c)�0(3)-C(3) -48.6 
C(3)-N(6)...0(2)-C(2) -58.6 C(2)-N(4)...0(l)-C(l) -47.6 
(w-C3H7)4N"4_ 3(NH2)2C0 H20 (2.1.5) 
(i) Urea molecules 
0(1)-C(1) 1.246(5) C(l)-N(l) 1.346(4) 
C(l)-N(2) 1.327(4) 0(2)-C(2) 1.255(4) 
C(2)-N(3) 1.340(4) C(2)-N(4) 1.335(4) 
0(3)-C(3) 1.263(4) C(3)-N(5) 1.335(4) 
C(3)-N(6) 1.339(5) 
0(1)-C(1)-N(1) 121.4(3) 0(l)-C(l)-N(2) 121.2(3) 
N(l)-C(l)-N(2) 117.4(4) 0(2)-C(2)-N(3) 120.6(3) 
0(2)-C(2)-N(4) 121.4(3) N(3)-C(2)-N(4) 118.0(3) 
0(3)-C(3)-N(5) 120.6(3) 0(3)-C(3)-N(6) 121.0(3) 
N(5)-C(3)-N(6) 118.4(3) 
(ii) Hydrogen bonding 
N(4)...0(1) 2.991 N(4a)...0(l) 2.972 
N(5g)...0(l) 3.012 N(l)...0(2) 2.972 
N(lb)...0(2) 2.908 N(6)...0(2) 3.036 
N(3)...0(3) 3.036 N(3e)...0(3) 2.967 
N(2c)...0(3) 3.019 N(2b)...0(3) 2.968 
N(5)...I(1) 3.722 0(1W)�I(1) 3.570 
0(lW)...I(lf) 3.672 
N(5)�I(l)...0(lW) 61.1 0(lWX..I(l)...0(lWf) 70.0 
N(5)...I(l)...0(lWf) 115.5 
C(l)-N(l)...0(2)-C(2) -47.1 C(2)-N(3)...0(3)-C(3) -51.6 
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Table 2.1.3. (continued) 
C(3)-N(5)...0(lc)-C(lc) ^ C(lc)-N(2c)...0(3)-C(3) ^JTs 
C(3)-N(6)...0(2)-C(2) :;6U CX2)-N(4)...0(1)-C(1) -45.2 
*Symmetry transformations: 
a (-x, 2-y, l-z); b (l-x, 2-y, l-z); c (l+x, -l+y, z); 
d (2-x, l-y, l-z); e (l-x, l-y, l-z); f(2-x, l-y, -z); 
g(-l+x, l+y, z) 
Standard deviations in hydrogen bond lengths and bond angles: 
2.1.4, CT (0 « 0.003 A, a (6) « 0.2 °; 2.1.5, a (l) « 0.008 A, a (0) « 0 . 5 � 
Structural Features and Relationships 
The present series of inclusion compounds exhibit urea-halide host lattices 
that are distinctly different from one another, depending on the stoichiometric ratio of 
urea to halide ion and the presence of co-crystallized water molecules. The anhydrous 
chloride complexes 2.1.2 (2:1:0) and 2.1.3 (3:1:0) feature layer and channel-type host 
lattices, respectively, constructed from urea ribbons that are bridged by chloride ions 
in different modes, while complex 2.1.1 (7:2:3) contains a novel channel framework 
built from urea ribbons that are bridged by fluoride ions, water molecules and other 
urea molecules. Isomorphous compounds 2.1.4 and 2.1.5 (1:3:1) exhibit a channel-
type host lattice built of corrugated urea layers and centrosymmetric water-halide 
tetramers. 
It is of interest to compare the modes of linkage of the urea molecules in the 
present series of complexes. In complex 2.1.1，twisted five-molecule urea ribbons are 
extended along different directions and cross-bridged by urea and water molecules 
and fluoride ions to generate a channel-type host lattice. In the crystal structure of 
2.1.2, the slightly buckled urea ribbon is composed of two independent urea 
molecules, and a chloride bridge occurs at every other urea molecule along each 
ribbon to yield an anionic layer. In contrast to this, the urea ribbon in 2.1.3 is 
composed of three independent urea molecules, one of which is twisted out of plane, 
and the chloride bridge occurs at every third molecule along each ribbon, thereby 
enabling the connection between planar arrays to generate a uni-directional channel 
network. While the wide urea ribbons built from the broadside linkage of cyclic urea 
dimers in 2.1.4 and 2.1.5 are the same as those found in (C2H5)4N^Cr 2OSH2)2CO, ^ ^^  
they are further bridged by additional out-of-plane urea molecules to generate a 
corrugated urea layer. 
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2.1.2. Crystal Structures of Inclusion Compounds of Urea with 
Tetraalkyhmmonium Bicarbonates 
The Urea-Bicarbonate Layer Structures of (C2py4N^CCV. OSfH2)2CO 2H ^0 (2.1.6) 
and ("-C4H9)4^THC03-. 3 0 ^ 2 ) 2 � � ( 2 . 1 . 7 ) 
Compounds 2.1.6 and 2.1.7 have closely related crystal structures in which the 
cations are separated by urea-anion puckered layers to generate a sandwich-like packing 
mode. In compound 2.1.6 the layer structure may be conveniently described with 
reference to the hydrogen bonding scheme shown in Figure 2.1.9 and Table 2.1.5. Two 
independent urea molecules C(1) [for simplicity the urea molecule composed of atoms 
C(1), 0(1)，N(1) and N(2) is designated as C(1)] and C(2) are connected by pairs o fN-
H...0 hydrogen bonds to form a dimer, and likewise the bicarbonate ions C(3) 
[composed of atoms C(3), 0(3)，0(4) and 0(5)] and C(4) occur as a cyclic dimer 
consolidated by a pair of 0-H. . .0 hydrogen bonds. These two kinds of dimeric units 
are alternately linked by pairs of N-H...0 hydrogen bonds to form an approximately 
planar ribbon oriented parallel to the c axis; its deviation from co-planarity is shown by 
p Q 0 ( 6 c l N ( 1 c i p nO(6el 
0-<f C(4cV-^ 0(8c) 0l1c)0-<^ l1c> C(4e)^ >^ 0(8e) 
P Q Y \ / N ( 2 c K 3 < 5 0 ( 7 e ) �� 
‘ 0 ( 7 c l ' * ‘ ‘ ^ � ! ! 0(1w>i^  0^t2wl ,' 1 !p 
/ I , I I ‘ I 
I ‘ I I I 0 ( 4 w ) ' I r^ 0 I I r> 心 ‘ U 0(4wa)� ‘ ‘ >^(3w) \ ‘ \ OlA)p < ^ ( 4 ) ' / U("^w) ��� n o , 4 5 , 
0 ( 5 ) 0 — d c ( 3 ) C ( 2 J > - ^ 0 ( 2 ) O I 5 b ) ^ > - < X ( 3 b ) 
/ 013^  C^NI3I �� ‘‘ PO(3b) 
0(6) ‘ ‘ � � 0l6b) ‘ / N(1a)0 ——-¾ ！ � Nl1lp - - - - ^ / 
0 l 1 a ) 0 - < ^ ' 1 o ' C ( 4 i p ^ ' o ( 8 l O ( 1 ) ' o - < ^ I 1 I C I 4 b ) V ^ 0 ( 8 b ) N(2o^——Q-^^ \ / NI2Kp - - --H^ \ ； ；0 ^V^0'2wd) ； ； Z V , ‘ ;0"^ d' ‘ / ‘ ； 
/ ‘ / I t ‘ I 
rt 0 I I rS _ < 5 0 l 4 w d l ‘ 
編 丨 \ ‘ ‘ / 0 ( 3 w d ) � � ‘ \ P A / \ f t > ^ y ^ b - ^ 
0 0 0 
Fig. 2.1.9. Hydrogen-bonded layer in (C2H5)4N^CO3 .0SfH2)2CO.2H2O (2.1.6) formed by 
urea dimers and bicarbonate dimers bridged by water molecules. Broken lines 
represent hydrogen bonds. 
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by the torsion angles C(l)-N(2)...0(7b)-C(4b) = 25.4, C(l)-N(l)...0(2)-C(2) = -7.7，and 
C(2)-N(4)...0(4)-C(3) = 31.1，and C(3)-0(5y..0(6)-C(4) = 2.6°. The water molecules 
lie in between the ribbons, and hydrogen bonds of the types N-H...O(water) and 
0(water)-H...0 link them together to form a puckered layer normal to the b axis (Fig. 
2.1.9). Urea-bicarbonate-water layers of this type are located a t y = 1/8，3/8，5/8 and 7/8 
^ ¾ . 2.1.10). 
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Fig. 2.1.10. Stereodrawing of the crystal structure of 2.2.6. The origin of the unit cell lies at 
the upper right comer, with a towards the reader, b downwards, and c pointing 
from left to right. Broken lines represent hydrogen bonds，and atom types are 
distinguished by size and shading. 
The tetraethylammonium cations, which are well ordered and nearly attain 
idealized 42m molecular symmetry, are arranged in a column running parallel to the 
[100] direction. Adjacent columns are arranged side by side, separated by a distance of 
c/2 but shifted by a/2 in the [100] direction, to generate a cationic layer parallel to the 
(010) family of planes. These layers are located Sity = 0，V4 V^  and %in the unit cell, each 
being sandwiched between two hydrogen-bonded urea-bicarbonate-water layers (Fig. 
2.1.10). 
31 
Description of Crystal Structures Chapter 2 
In the urea-bicarbonate layer structure of2.1.7 (Figure 2.1.11), centrosymmetric, 
hydrogen-bonded dimers ofindependent urea molecules C(1) and C(2) (the same kind of 
symbolic abbreviations are used here as for 2.1.6) are alternately linked by additional 
pairs of N-H...0 hydrogen bonds to form an approximately planar ribbon oriented 
parallel to the c axis. Likewise the bicarbonate ions C(4) occur as centrosymmetric cyclic 
dimers each consolidated by a pair of 0-H. . .0 hydrogen bonds, and together with 
centrosymmetric cyclic C(3) urea dimers they form a highly puckered zigzag 
[(QSCH2)2C0)2^IC03-)2L ribbon runing parallel to the c axis. For these two types of 
ribbons, the extent of deviation from planarity can be seen from the relevant torsion 
angles: CXl)-N(l)".0(2)-C(2) = 4.7，Ql)-N(^. . .0(lg)-C(lg) = -2.9，C(2)-
N(3)...0(2a)-C(2a) = 17.1; but C(3)-N(5)...0(5)-C(4) = 62.8, C(3b)-N(5b)...0(5b)-
C(4b) = -45.1°, respectively. The parallel, alternate arrangement of these two kinds of 
complementary ribbons facilitates cross- linkage by N-H...0 hydrogen bonds to form a 
puckered anionic layer normal to the a axis; note that there is a mismatch between atoms 
N(4) and N(6d) belonging to different ribbons. 
众％?^:1义 
； 丨 N<6d> 丫0(3<)> ； 丨 “ 
陶 ^ ^ , ^ 。 < 广 ' 〒 、 、 " 9 � ^ \ i ^ Z ^ � � � � ^ ^ ^ ^ ^ : ' ' \ „««X^ Z ^ N,2^<^Nn. N<3o.f^::^o, < ^ ^ ' 
1 I j »� � 
0,4,J^  jn,5, C^b)N<6bl \ ！ 
o _ ? - ' ' ' ^ J ^ � \ N | N Z ^ ~ ^ ^ ^ " � � � ' " ^ = Y ^ \ 
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Y ^ 、 、 、 ； " ^ ， ， y � � , Y 
� � � � ^ ^ z � � � � ^ ^ Z ' � � � � ^ ^ z ' 
Fig. 2.1.11. Hydrogen-bonded layer in (w-C4H9)4N^CO3-.0^2)2CO (2.1.7) formed by the 
cross-linkage of urea ribbons and [(HCO3")2(G^2)2CO)2]oo ribbons. Broken 
lines represent hydrogen bonds. 
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Fig. 2.1.12 shows a perspective view of the crystal structure of 2.1.7 along the b 
axial direction. The distance separating two adjacent urea-bicarbonate layers is a = 
8.40人 and between them there is a layer composed of the stacked columns of ordered 
tetrahedral (w_C4H9)4N+cations. 
^ p ^ ^ ^ 6 ^ ^ ^^^^^^^ 
^ - % p , ^ ^ i ^ 
Fig. 2,1.12. Perspective view of the crystal structure of 2.1.7. Broken lines represent 
hydrogen bonds, and atom types are distinguished by size and shading. 
Table 2.1.4. Selected bond distances (为，bond angles (。）and torsion angles (。）in the urea-
bicarbonate systems* 
(C2Hs)4N^C03 -(NH2)2CO 2H2O (2.1.6) 
(i) Urea and bicarbonate molecules 
C(l)-0(1) 1.231(5) C(l)-N(l) 1.348(6) 
CXl)-N(2) 1.325(6) C(2)-0(2) 1.260(6) 
C(2)-N(3) 1.334(6) C(2)-N(4) 1.339(6) 
C(3)-0(3) 1.274(6) C(3)-0(4) 1.224(6) 
C(3)-0(5) 1.309(5) C(4)-0(6) 1.259(6) 
C(4)-0(7) 1.244(6) C(4)-0(8) 1.321(5) 
0(1)-C(1)-N(1) 120.9(4) 0(l)-C(l)-N(2) 123.6(4) 
N(l)-C(l)-N(2) 115.5(4) 0(2)-C(2)-N(3) 122.8(4) 
0(2)-C(2)-N(4) 120.3(4) N(3)-C(2)-N(4) 116.9(4) 
0(3)-C(3)-0(4) 123.9(4) 0(3)-C(3)-0(5) 116.7(4) 
0(4)-C(3)-0(5) 119.4(4) 0(6)-C(4)-0(7) 124.2(4) 
0(6)-C(4)-0(8) 117.8陶 0(7)-C(4)-0(8) 118.0(4) 
(ii) Hydrogen bonding (donor atom listed first) 
N(l)...0(2) 2.903 N(l)...0(6b) 2.891 
N(2)...0(7b) 2.906 N(2)...0(3Wd) 2.995 
N(3)...0(1) 2.903 N(3)...0(3) 2.905 
N(4)...0(4) 2.905 N(4)...0(2W) 2.967 
0(2W)...0(lc) 2.837 0(3W)...0(2) 2.783 
0(8)...0(3) 2.572 0(5)...0(6) 2.561 
0(4W)...0(5b) 2.854 0 ( l W ) � 0 ( 4 ) 2.771 
0(lW)...0(8c) 2.810 0(4W)...0(7e) 2.754 
0(2W)...0(lW) 2.845 0(3W^..N(2c) 2.995 
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Table 2.1.4. (continued) 
C(l)-N(l)...0(2)-C(2) ^ C(l)-N(2)...0(7b)-C(4b) 1^4 
C(2)-N(3)...0(l)-C(l) 6.7 C(2)-N(3)...0(3)-C(3) -25.0 
C(2)-N(4)...CK4)-C(3) 31.1 C(3)-0(5)...0(6)-C(4) 2.6 
C(4)-0(8)...0(3)-C(3) 6.3 0(2)-C(2)-N(4)...0(2W) -16.7 
0(2W)...0(lc)-C(lc)-N(2c) -62.6 0(lW)...CX4)-C(3)-0(3) 136.1 
0(lW)m0(8c)-C(4c)-0(6c) -149.7 0(3W^..O(2)-C(2)-N(3) 115.2 
0(4>^a"0(5b)-C(3b)-0(3b) -151.3 0(4W)...0(7e)-C(4e)-0(6e) -150.3 
(w-C4H9)4^ THC03 * 30<JH2)2CO (21.7) 
(i) Urea and bicarbonate molecules 
C(l)-0(1) 1.248W C(l)-N(l) 1.339(3) 
CXl)-N(2) 1.335(3) C(2)-0(2) 1.242(4) 
C(2)-N(3) 1.333(3) C(2)-N(4) 1.342(3) 
C(3)-0(3) 1.239(4) C(3)-N(5) 1.340(4) 
C(3)-N(6) 1.341(4) CX4)-0(4) 1.247(3) 
C(4)-0(5) 1.238(3) CX4)-0(6) 1.336(3) 
0(1)-C(1)-N(1) 121.4(2) 0(l)-C(l)-N(2) 121.7(2) 
N(l)-C(l)-N(2) 116.9(3) 0(2)-C(2)-N(3) 121.5(2) 
0(2)-C(2)-N(4) 121.4(2) N(3)-C(2)-N(4) 117.0(3) 
0(3)-C(3)-N(5) 123.0(3) 0(3)-C(3)-N(6) 120.6(3) 
N(5)-C(3)-N(6) 116.3(3) 0(4)-C(4)-0(5) 125.3(2) 
0(4)-C(4)-0(6) 117.9(2) 0(5)-C(4)-0(6) 116.8(2) 
(ii) Hydrogen bonding (donor atom listed first) 
N(4)...0(1) 2.886 N(2g)...0(l) 2.893 
N(l)...0(2) 2.963 N(3a)...0(2) 3.016 
N(5b)...0(3) 3.002 N(3e)...0(3) 3.114 
N(2)...0(4) 3.001 0(6f)...0(4) 2.619 
N(l)...0(5) 2.933 >^ (5)吣0(5) 2.928 
C(l)-N(l)...0(2)-C(2) 4.7 C(l)-N(l)...0(5)-C(4) 26.8 
C(l)-N(2).,.0(lg)-C(lg) 2.9 C(l)-N(2)...CX4)-C(4) 34.6 
C(2)-N(3)...0(2a)-C(2a) 17.1 C(2)-N(3)...0(3d)-C(3d) 10.2 
C(2)-N(4)...0(l)-C(l) 13.4 C(3)-N(5)...0(5)-C(4) 62.8 
C(3)-N(5)...0(3b)-C(3b) 12.9 C(3)-N(6)...0(6)-C(4) 62.8 
C(4)-0(6)...0(4f)-C(4f) ^ 
*Symmetry transformations: 2.1.6 a (X，y, -l+z); b (x, y, l+z); c (l+x, y, z); d (-l+Jc, 乂 z) e (l+x, >^  l+z) f (-l+x, y’ -l+z) 
2.1.7 a (2-x, -y, l-z); b (2-x, l-_y, l-z); c (x, y，l+z); d (X, -l+y, z); e (X, l+v, z); f (2-x, 1-乂 -z); g (2-x, -y, -z) 
Standard deviations in hydrogen bond lengths and bond angles: 2.1.6 a (/) « 0.009 A,a (0 « 0.5� 2.1.7 CT (0 » 0.004 A,a (0 « 0.3� 
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Structural Features and Relationships 
The layer-type host structures of 2.1.6 and 2.1.7 are similar to those formed in 
our previous studies on urea-water-tetraethylammonium halide inclusion complexes^^^ 
and adducts of thiourea and peralkylated ammonium salts/^^ both 2.1.6 and 2.1.7 
contain a hydrogen-bonded ribbon built of alternating urea dimers and cyclic dimeric 
bicarbonate moieties, but different additional molecular components, namely water 
molecules in 2.1.6 and urea ribbons in 2.1.7, are used in the construction of the 
hydrophilic layer. 
The tetraethylammonium cations in 2.1.6 are sandwiched between two layers 
formed by bicarbonate dimers and molecules of urea and water. The interlayer spacing of 
b!A = 7.29Ais slightly smaller than the corresponding value for a similar layer structure 
with tetraethylammonium cations accommodated in the thiourea-bicarbonate-water 
lattice [b/2 = 7.47^ ¾^^ ^ (which is consistent with the difference in size between urea and 
thiourea), but in good agreement with those in the urea-water-halide lattice {b!2 = 7.28^¾ 
in monoclinic (C2H5)4N+Cr.0^2)2CO.2H2O ^^ ^ and the acetate-water lattice (Vb* = 
7.39A) in triclinic (QH5)4N+CH3COCr.4H2O.154 
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2.1.3. Novel Hydrogen-Bonded Host Lattices Built of Urea Molecules and 
Allophanate Ions 
Allophanic acid (ureidoformic acid, NHjCONHCOOH) is a fugitive compound 
which is known only in the form of its derivatives. Ester-like organic allophanates have 
been prepared from primary, secondary, and tertiary alcohols and from phenols，”^ 
whereas inorganic allophanate salts are unstable and easily hydrolyzed by HjO to CO】， 
urea and c a r b o n a t e . i 7 7 The relatively stable carbonyl-0 diprotonated form of allophanic 
acid was directly observed in an investigation of the behavior of alkyl allophanates in 
FSO3H-SbF5-SO2 ("magic acid") solution/?® and the kinetics and catalysis of 
consecutive reactions of organic isocyanates with alcohols and phenols to give 
carbamates, allophanates, and eventually isocyanurate were reported recently/^^ 
Nevertheless, to our knowledge the literature hitherto contains no crystallographic 
structural information on the elusive allophanate ion. 
Since ethanol was present in the synthesis of both compounds, the following 
reactions presumably took place:^ ^^ 
H2NCONH2 ;^=?^ HNCO + NH3 
EtOH + 2HNC0 ~一 NH2CONHCO2Et 
Ethyl allophanate is formed from the concerted reaction involving two molecules 
of isocyanic acid and one molecule of the alcohol.^^ In alkaline solution the allophanate 
anion NHjCONHCOj" is formed by hydrolysis of the ester. 
0 
V ^ 
Et—O, ^ ^ E t - 0 ^ ^NH 
i c ^ ^ ^ H^ i , 
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Alternatively, the allophanate ion may be generated by dehydration of the mixture 
of urea and bicarbonate according to the following mechanism: 
^ - ^ ^ r ^ ？ r ? J . -H.o ?i H2N-C-NH2 ^ c = 0 ——• H 2 N ^ - N ^ - C ^ — ^ H 2 N - C - N ^ ^ -"n I I? I 11 ^ H 0 H 0 
Scheme 2 
Crystal structure of(CH3)4N+NH2CONHCCV.50SH2)2CO (2.1.8) 
A stereoview of the crystal structure of 2.1.8 along the a direction is presented in 
Fig. 2.1.13. It can be seen that the urea-allophanate ribbons, the head-to-tail urea chains, 
and the centrosymmetric urea dimers in 2.1.8 are laterally linked by intermolecular 
hydrogen bonds to form a three-dimensional network, which is built up by five 
independent molecules of urea and an allophanate anion. 
^ ^ ^ ¾ # = # ^ ^ 
i - - | r - | - # * | - 4 i - - t 4 
^ 4 r |^身和 %^%:^^ 
r 4 4 - ' - f f | # - i - f - - f 
t ± ^ l ^ ^ ^ ^ f e ^ * } 
Fig. 2.1.13. Stereodrawing of the crystal structure of (CH3)4N^2C0NHC02 - 5G^2)2CO (2.1.8) 
along the a axial direction. Broken lines represent hydrogen bonds, and atom types are 
distinguished by size and shading. For clarity the enclosed (CH3)4N^ ions are 
represented by large shaded circles. 
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The hydrogen bonding scheme is shown in Fig. 2.1.14 and 2.1.15. The 
allophanate ion and one independent urea molecule composed of atoms C(1), 0(1)，N(1) 
and N(2) [hereafter conveniently referred to as C(1)] are joined together by a pair o f N -
H.. .0 hydrogen bonds to form a structural unit. Repetition of this unit in the a direction 
generates a hydrogen-bonded zigzag ribbon, and a pair of adjacent ribbons related by an 
inversion center are cross-linked by additional N-H. . .0 hydrogen bonds to form a double 
ribbon (Fig. 2.1.14). All atoms in the double ribbon are almost coplanar, as can be seen 
from the torsion angels between neighboring molecules: C( 1 )-N( 1)...0(7d)-C(7d)= 
10.5，C(l)-N(2)...0(8d)-C(7d) = 0.3，and C(6)-N(12)."0(8g)-C(7g) = 1 7 6 . 3 � T w o 
N(1.)@^  O^0(1i> _ ^ ^ , , ^ > j ^ 
/ p ' ' �f”） n-o(7, 4 fN<_ ao,7d, i lc,6, Ic<7> , N<2,) 
J ^ ； , ， 、 、 ^ ^ ^ ； ^ ^ ; 
s T ^ ^ - 腳 ； 
� ‘ ‘ I , I I 
‘ , OI8g) A ^ d 2 g ) np(6g) 
0(8.)6, JS^^' i3°'®-' . , ^ v ^ ^ ^ Z ? � � � 
V T � ! n X T . X 
o i i ) _二、、、 } s ^ ' / x r ^ 
、 x / ^ ^ 。(i9) N(ig) 
0(1m) Nt1m) 
Fig. 2.1.14. Perspective view of a portion of the planar double ribbon built by urea molecules and 
allophanate ions in 2.1.8. 
O 0 ( 6 b ) omY^ 
p(10b) N(11b)^-^ — 一 一 °"-^^0(7a) 
N ( 9 b ) ^ C ( 5 b ) C ( 7 b | y ^ " 2 b > ' % 。 > 
飞 鳴 丨 - i 9 ^ D - ^ e T o ( 2 ) 
Y I N(7>^ "^CM) 
I I / ‘ QO(4) 
NI3f) , , , , 1 购 < 0 ( 2 . / > ^ ^ ' \ \ \ \ ^ x ' V ^ - % Y - " T 
' ' f ^ > < P ' ' - - A ^ ' % ^ ' - n 
^> 力 \ > , \ - 1 
0<6P�C^^O。。） 
^ ^ N(1al 
N(2o) Fig. 2.1.15. The head-to-tail hydrogen-bonded chains extending along the [101] direction, 
which constitute another pair of walls of the cage, and the shoulder-to-shoulder 
dimer of urea in the ctystal structure of 2.1.8. 38 
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planar double ribbons which are arranged parallel to the (010) plane constitute a pair of 
opposite walls of the hexahedral cage, with a spacing of about 8.3Abetween them and 
6.0Abetween two rows of double ribbons. Another pair of parallel walls is formed by 
straight chains of urea molecules extending along the [101] direction. Unlike most 
ribbons of urea or thiourea that are joined in a shoulder-to-shoulder fashion, these chains 
are generated from two independent urea molecules C(2) and C(3) that are alternately 
linked by hydrogen bonds in a head-to-tail mode (Fig. 2.1.15). The distance between two 
adjacent chains is about 4 .4^ and the distance between two chains along the [101] 
direction is about 13k The third pair of parallel walls of the cage is constructed from 
urea molecules C(4) and C(5) joined in the usual shoulder-to-shoulder fashion via a pair 
ofhydrogen bonds, as shown in Fig. 2.1.15. 
Each tetrametylammonium cation is enclosed in a box-like cage (Fig. 2.1.12), the 
separation between individual pairs of its opposite walls being 8.3 {b!2), 7.8 (c/2) and 
7.3人 respectively. The distances between N(13) and the neighboring atoms of the cage 
walls are N(13)...C(1^) = 4.346，N(13)...C(1/) = 5.396, N(13)...C(3) = 4.704， 
N(13)...C(3A:) = 4.901，N(13)...0(4) = 3.968，and N(13)...0(4/) = 4.933A. 
Table 2.1.5. Selected bond distances (^, bond angles (。）and torsion angles (。）in the urea-
allophanatc systems* 
(CH3)4rrNH2CONHCO2 . 5OVH2)2CO (2.1.8) 
(i) Urea and allophanate 
0(1)-C(1) 1.248 (5) C(l)-N(l) 1.330 (5) 
C(l)-N(2) 1.332 (5) 0(2)-C(2) 1.240 (5) 
C(2)-N(3) 1.333 (6) C(2)-N(4) 1.322 (6) 
0(3)-C(3) 1.247 (5) C(3)-N(5) 1.333 (6) 
C(3)-N(6) 1.334 (6) 0(4)-C(4) 1.228 (6) 
C(4)-N(7) 1.334 (7) C(4)-N(8) 1.325 (8) 
0(5)-C(5) 1.248(5) C(5)-N(9) 1.325 (6) 
C(5)-N(10) 1.341 (6) 0(6)-C(6) 1.242 (5) 
C(6)-N(11) 1.318(5) C(6)-N(12) 1.379(5) 
0(7)-C(7) 1.244 (4) 0(8)-C(7) 1.259 (4) 
C(7)-N(12) 1.400 (5) 
0(1)-C(1)-N(1) 121.0(4) 0(l)-C(l)-N(2) 121.9(3) 
N(l)-C(l)-N(2) 117.1(4) 0(2)-C(2)-N(3) 121.1(4) 
0(2)-C(2)-N(4) 122.0(4) N(3)-C(2)-N(4) 116.9(4) 
0(3)-C(3)-N(5) 120.7(4) 0(3)-C(3)-N(6) 121.1(4) 
N(5)-C(3)-N(6) 118.2(4) 0(4)-C(4)-N(7) 121.3(5) 
0(4)-C(4)-N(8) 121.5(5) N(7)-C(4)-N(8) 117.2(5) 
0(5)-C(5)-N(9) 122.2(4) 0(5)-C(5)-N(10) 120.8(4) 
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Table 2.1.5. (continued) 
N(9)-C(5)-N(10) 117.0(4) 0(6)-C(6)-N(ll) 123.3(3) 
0(6)-C(6)-N(12) 118.7(3) N(ll)-C(6)-N(12) 118.0(3) 
0(7)-C(7)-0(8) 125.4(3) 0(7)-C(7)-N(12) 119.2(3) 
0(8)-C(7)-N(12) 115.3(3) C(6)-N(12)-C(7) 128.8(3) 
(ii) Hydrogen bonding 
N(l)...0(5c) 3.119 N(l)...0(7d) 2.822 
N(2)...0(6) 3.043 N(2)...0(8d) 3.041 
N(3)...0(1) 3.054 N(3)...0(3) 2.882 
N(4)...0(3) 2.899 N(4)...0(7b) 2.990 
N(5)...0(6) 3.051 N(5)...0(2f) 2.898 
N(6)...0(2f) 2.911 N(6)...0(5b) 3.059 
N(7)...0(2) 2.905 N(7)...0(8a) 3.092 
N(8)...0(3k) 3.024 N(9)...0(4) 2.892 
N(9)...0(5j) 2.990 N(10)...0(4) 2.955 
N(10)...0(1) 3.032 N(11)...0(1) 2.866 
N(ll)...0(7) 2.644 N(12)...0(8g) 2.931 
C(l)-N(l)...0(7d)-C(7d) 10.5 Ql)-N(l)...0(5c)-C(5c) 95.0 
CXl)-N(2)...0(6)-C(6) -24.8 C(l)-N(2)...0(8d)-C(7d) 0.3 
C(2)-N(3)…0(l)-C(l) -99. C(2)-N(3)...0(3)-C(3) 130.5 
C(2)-N(4)...0(3)-C(3) -119.5 C(2)-N(4)...0(7b)-C(7b) 16.4 
C(3)-N(5)...0(6)-C(6) 91.0 C(3a)-N(5a)...0(2)-C(2) 110.4 
C(3a)-N(6a)...0(2)-C(2) -134.9 C(4)-N(7)...0(2)-C(2) 53.6 
C(4)-N(8)...0(3k)-C(3k) 83.6 C(5)-N(9)...0(4)-C(4) 116.2 
C(5)-N(^..0(5j)-C(5j) -6.6 C(5)-N(10)...CK4)-C(4) -115.7 
C(5)-N(10)...0(l)-C(l) -112.3 C(6)-N(ll)...0(l)-C(l) -28.0 
C(6)-N(12)...0(8g)-C(7g) • 
*Symmetry transformations: 
a (0.5+x, 0.5-y,0.5+ z); b (1.5-x, 0.5+y, 0.5-z); c (2-x,-y,l- z); 
d (l+x, y, z); e (0.5+x, 0.5-y, -0.5+z); f(-0.5+x, 0.5-y, -0.5+z); 
g (l-x, -y, -z); h (1.5-x, -0.5+y, 0.5-z); i (-l+x, y，z); 
j (l-x, -y, l-z) k (-0.5+x, 0.5-y, 0.5+z) 
Standard deviations in hydrogen bond lengths and bond angles: 
a(/) « 0.009A, a(0) « 0.7� 
Crystal Structure of(w-C3H7)4N+NH2CONHCCV3O<fH2)2CO (2.1.9) 
In the crystal structure of 2.1.9, the urea and allophanate ions are connected by 
hydrogen bonds to form wide puckered ribbons, which are cross-linked to generate a 
three-dimensional host framework containing open channels. The hydrogen bonding 
scheme is shown in Fig. 2.1.16. Of the three independent urea molecules in the 
asymmetric unit, two [C(2) and C(3)] are linked by a pair of N-H. . .0 hydrogen bonds 
while the third, namely C(1), forms a 0(l)...H-N(5) acceptor hydrogen bond with C(3). 
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In this arrangement atoms N(6), 0(1) and N(2) belonging to two urea molecules lie on 
the same side to match atoms 0(4)，N(8) and 0(6) of the allophanate ion to form three 
N-H...0 hydrogen bonds. Together as a repeating unit, these four molecules generate a 
wider ribbon running through the structure in the direction of [110]. In this ribbon, urea 
molecules C(2) and C(3) lie close to the plane of the allophanate ion as shown by the 
torsion angles between them: C(3)-N(5)...0(2)-C(2) = 0.1，C(4b)-N(7b)...0(2)-C(2)=-
3.0，C(2)-N(3)...0(3)-C(3) = 14.7, and C(3)-N(6)".0(4)-C(4) = -20.2� . At a location 
which is one-half translation away along the c axis, there is a similar ribbon which 
extends in the [110] direction. Finally, intermolecular hydrogen bonding weaves these 
two crossed series of ribbons into a three-dimensional framework containing open uni-
directional channels, as shown in Fig. 2.1.17. A single columnar stack of («-€3117)4^^ 
cations is accommodated in each channel. 
The channel-type host structure of 2.1.9 can be compared with those of the 
classical urea and thiourea inclusion compounds, in which the separation between the 
Q0(2d) 
Y(5e) NMd )^^2d> 
C - y ^ _ e l � � ( 3 d ) 
¢5 \ � / V ^ N ( 6 n 
0(3e) \一 0(6)^ /Cl3f) \ 
� ( " " ^ � � � � N f ^ ^ ( 3 � ( 6 b ; C ^ b ) 
N(7) ~ 少 、 C X ^ - " S | ^ b ) 
Z ^ ^ 0 < N(1j N(^^^N(8b) 
/ ' O0(4) ‘ - ' ^ ^ ( 4 b ) 0(2c)Q , \ ； , h C(2c^><^Z \ N ( 5 U - - O 0 . 2 , ,划 
N ( 3 d ^ _ c ) _ ^ 3 , 力 -
���� ‘ ‘ 0 ( 3 ) V ' " N ( 3 ) \ ； 
0(6h)tL j ^ ^^ l(2a)0 \viO(6g) 
c V ^ ' 5 h > n . , , e S ^ - 3 . 
N _ \ N ^ P V � 8 g , C(4Ny^N(7h) 0(1a) CI4gV^N(7g) 
S�<4W i g ) 
Fig. 2.1.16. Perspective view of a portion of the wide urea-allophanate ribbon linked by hydrogen 
bonds in (w-C3H7)4N^2CONHCO2-. 3_2)2CO (2.1.9). 
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0 ^ i ^ M ^^ ^ w 
Wy-:^\ / - 4 V i ^ - m j^^ V 
mM 邏 _ fM^6^ 縣## 
f ^ v y Y 场 _ 
Fig. 2.1.17. Stereodrawing of the crystal structure of 2X9 showing two series of urea-allophanate 
ribbons running parallel to the [110�and [110] directions and their interlinkage by 
hydrogen bonds to form channels extending parallel to the [101] direction. Broken 
lines represent hydrogen bonds, and atom types are distinguished by size and shading. 
centers of two adjacent channels is about 8.3 and 9.3人 corresponding to an effective 
cross-sectional diameter of about 5.2 and 6.1 Afor the inclusion of guest molecules, 
respectively. On the other hand, the cross-section of a channel in the host lattice of 2.1.9 
has an approximately elliptical shape (Fig. 2.1.17), with effective major and minor axes 
of5.2/2 and 6.0/2 A, respectively. 
The allophanate ion adopts a planar configuration that facilitates formation of an 
intermolecular N-H...0 hydrogen bond; the molecular dimensions averaged over the 
measured bond distances and angles in 2.1.8 and 2.1.9 are shown in Fig. 2.1,18. 
H H � � � � 
^ N ^ � 0 I / 
1.321 1-239 ； t \ 
l22.6Q 118.8 1 1 9 . 4 Q \ 1 2 6 . 1 l-240^^118>v^^ l^28.3 ^ ^ i 4 5""^^_ Q<^ 1-372^^ .^408 1.25^Q 
H 
Fig. 2.1.18. Molecular configuration and averaged dimensions of the allophanate ion. The 
standard deviations of individual bond lengths and angles are 0.004A and 0.3°， 
respectively. 
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Table 2.1.5. Selected bond distances (^, bond angles (。）and torsion angles (。）in the urea-
allophanate systems* 
(w-C3H7)4N^H2C0NHC02 - 3(NH2)2CO (2.1.9) 
(i) Urea and allophanate 
C(l)-0(1) 1.233 (5) C(l)-N(l) 1.342 (5) 
C(l)-N(2) 1.343 (5) C(2)-0(2) 1.247 (4) 
C(2)-N(3) 1.337 (5) C(2)-N(4) 1.319(5) 
C(3)-0(3) 1.245 (4) C(3)-N(5) 1.331(5) 
C(3)-N(6) 1.330 (4) C(4)-0(4) 1.238 (5) 
C(4)-N(7) 1.323 (4) C(4)-N(8) 1.364 (4) 
N(8)-C(5) 1.415 (5) C(5)-0(5) 1.234 (4) 
C(5)-0(6) 1.253 (4) 
0(1)-C(1)-N(1) 122.7(4) 0(l)-C(l)-N(2) 121.2(3) 
N(l)-C(l)-N(2) 116.1(4) 0(2)-C(2)-N(3) 122.1(3) 
0(2)-C(2)-N(4) 122.1(3) N(3)-C(2)-N(4) 115.8(3) 
0(3)-C(3)-N(5) 121.0(3) 0(3)-C(3)-N(6) 121.6(3) 
N(5)-C(3)-N(6) 117.5(3) 0(4)-C(4)-N(7) 122.0(3) 
0(4)-C(4)-N(8) 118.5(3) N(7)-C(4)-N(8) 119.5(3) 
C(4)-N(8)-C(5) 127.8(3) N(8)-C(5)-0(5) 119.5(3) 
N(8)-C(5)-0(6) 113.8(3) 0(5)-C(5)-0(6) 126.7(3) 
(ii) Hydrogen bonding 
N(l)...0(3f) 2.992 N(2)...0(6) 2.924 
N(3)...0(3) 2.828 N(3)...0(6g) 2.931 
N(4)...0(4b) 2.909 N(4)...0(6g) 3.007 
N(5)...0(2) 2.951 N(5)...0(1) 2.890 
N(6)...0(4) 2.890 N(6)...0(5h) 2.648 
N(7)...0(5) 2.648 N(7)...0(2c) 3.025 
N(8)...0(1) 2.907 
C(3)-N(5)...0(l)-C(l) -142.0 C(4)-N(8)...0(l)-C(l) 141.2 
C(3)-N(5)...0(2)-C(2) 0.1 C(4b)-N(7b)...0(2)-C(2) -3.0 
C(2)-N(3)...0(3)-C(3) 14.7 C(la)-N(la)...0(3)-C(3) -53.9 
C(3)-N(6)...0(4)-C(4) -20.2 C(2c)-N(4)...0(4)-C(4) -28.8 
C(3e)-N(6e)...0(5)-C(5) 110.5 C(4)-N(7)...0(5)-C(5) -3.5 
C(l)-N(2)...0(6)-C(5) -41.5 C(2d)-N(3d)...0(6)-C(5) -82.4 
C(2d)-N(4d)...0(6)-C(5) 123.9 
*Symmetry transformations: 
a (X，l-y, -0.5+z); b (-0.5+x, 0.5+y, z); c (0.5+x, -0.5+y, z); 
d (l+x, l-y, 0.5+z); e (0.5+x, 0.5-y, 0.5+z); f (x, l-y, 0.5+z); 
g (-l+x, l-y, -0.5+z); h (-0.5+x, 0.5-y, "0.5+z) 
Standard deviations in hydrogen bond lengths and bond angles: 
a(/) « 0.005A, cr(e) « 0.4° 
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2.1.4 Novel Hydrogen-Bonded Host Lattices Generated from Urea and Orthoboric 
Acid 
Crystal Structure ofInclusion Compound ofUrea with Tetramethylammonium 
Dihydrogen Borate (CH3)4N^O(OH)2 .20^2)2CO.H2O (2.1.10) 
The chemistry ofborates rivals those of the silicates and phosphates in terms of 
variation and complexity. Boric acid, B(OH)3 (also known as orthoboric acid and 
commonly re-written as H3BO3) , is the archetype and primary source of oxo-boron 
compounds. It behaves primarily as a Lewis acid rather than a proton donor. In dilute 
aqueous solution this weakly monobasic acid exists almost exclusively as the 
undissociated molecule B(OH)3 and the tetrahydroxyborate anion B(OH)4". At 
concentrations above 0.1 M，secondary equilibria involving condensation reactions of the 
two dominant monomeric species give rise to oligomers such as the triborate monoanion 
[B3O3(OH)4]; the triborate dianion [B3O3 ( O H)5f , the tetraborate [B405(0H)4]2_, and 
the pentaborate [B5O6(OH)4]-.i8i Complete deprotonation ofB(OH)3 and B(OHV leads 
to BOs^" and BO4 '^, respectively, which occur in a wide range of solid anhydrous metal 
borates.i82 On the other hand, the simple dihydrogen borate anion BO(OH)2', the elusive 
conjugate base ofboric acid, was identified only a few years ago as a transient species in 
the gas phase by mass spectrometric techniques/^^ but no evidence has yet been found 
for its existence in natural and synthetic solid borates or in solution.^^^ The natural 
borate vimsite, which has the stoichiometric formula Ca[BO(OH)2]2, does not contain 
the discrete BO(OH)2" ion, and the crystal structure features an infinite anionic chain 
[BO(OH)2]/" with ether-like oxygen atoms bridging s ^ boron centers/^^ The present 
study demonstrates, for the first time, that the fugitive species BO(OH)2' can be 
generated in situ and incorporated into a host lattice through hydrogen-bonding 
interactions with its nearest neighbors. 
In compound 2.1.10，both independent urea molecules and the BO(OH)2' ion 
(dihydrogen borate, hereafter abbreviated as DHOB) in the asymmetric unit occupy 
special positions of symmetry m such that only the C-0 or B-0 double bond lies on the 
mirror plane. A perspective view of the crystal structure of 2.1.10 along the [010] 
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direction is presented in Fig. 2.1.19. The host lattice consists of a parallel arrangement of 
uni-directional channels whose cross-section has the shape of a peanut. The diameter of 
each spheroidal half is about 7.04 A, and the separation between two opposite walls at 
the waist of the channel is about 5.85 A. The well-ordered tetramethylammonium cations 
are accommodated in double columns within each channel. 
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Fig. 2.1.19. Crystal structure of (CH3)4N^O(OHV.20^2)2CO.H2O (2.1.10) showing the 
channels extending parallel to the b axis and the enclosed cations. Note the 
peanut shape of the cross section of each channel and the hydrogen-bonded Y-
shaped junction. Broken lines represent hydrogen bonds, and the atoms are 
shown as points for clarity. 
As shown in Fig. 2.1.20, the two independent urea molecules are alternately 
connected by hydrogen bonds to form a zigzag ribbon running parallel to b, which has a 
highly twisted configuration as shown by the torsion angles C( 1 )-N( 1 a)... 0(2)-C(2)= 
55.0 and C(2)-N(2)...0(lb)-C(lb) = 48.3°. The DHOB ions generated from successive 
inversion centers aligned parallel to the c direction are linked into a zigzag ribbon by 
0-H.. .0 hydrogen bonds, but the torsion angle between neighboring ions, B(1)-
0(4)...0(3d)-B(ld) = -9.1°, shows that this ribbon is almost planar. Each DHOB anion 
is further connected to two urea molecules belonging to different neighboring urea 
ribbons (mutually related by a 2i axis) by four N-H...0 hydrogen bonds that extend 
outward on the same side of the ribbon (Fig. 2.1,20). The dihedral angles between the 
planar moieties involved in the cross-linkage are 106.7° for urea with urea and 126.7° for 
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urea with DHOB, so that a cross section of each junction is shaped like the capital letter 
‘Y，. With these Y-shaped junctions oriented normal to (010) and concentrated at the 
layers y = % and %，a uni-directional channel-like host lattice is formed (Fig. 2.1.19). 
Notably, the water molecule makes no contribution to the construction of the host 
network, and its role is limited to that of an additional guest that forms a donor 0-H. . .0 
hydrogen bond to a DHOB oxygen host atom. 
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Fig. 2.1.20. The hydrogen-bonding scheme in the urea-BO(OH)2' host lattice of complex 
2.1.10. Broken lines represent hydrogen bonds. 
The measured dimension of the planar BO(OH)2" in 2.1.10, which has 
crystallographically-imposed symmetry m, is best described in terms of structure formula 
I showing a formal B-0 double bond. The measured B-0 bond distances in BO(OH)2_ 
may be compared with values in the range 1.28-1.43 A (average 1.365 A) for the 
trigonal planar BO3 moiety in metal borates^^ and 1.2062(2) A for the boroxane C1-B=0 
in the gas phase/^ Comparison of the latter value with the interatomic distance of 1.2045 
A in diatomic B0^^ indicates that the molecular structure of the boroxane is more 
faithfully represented by C1-B=0. 
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B - 0 1.395(3) O - B - 0 111.3(3) 
Fig. 2.1.23. Valence-bond structural formulas for the dihydrogen borate ion, and the measured 
dimension of this ion in the inclusion compound 2.1,10. 
Table 2.1.7. Selected bond distances (A), bond angles 0 and torsion angles (。）in the urea-
anionic systems* 
(CH3)4N^O(OH)2 2COOVH2)2 H2O (2.1.10) 
(i) Urea molecules and borate anion 
0(1)-C(1) 1.247(5) C(l)-N(l) 1.328(3) 
0(2)-C(2) 1.248(5) C(2)-N(2) 1.334(3) 
B(l)-0(3) 1.323(5) B(l)-0(4) 1.395(3) 
0(1)-C(1)-N(1) 120.7(2) N(l)-C(l)-N(lA) 118.5(4) 
0(2)-C(2)-N(2) 121.7(2) N(2)-C(2)-N(2A) 116.5(4) 
0(3)-B(l)-0(4) 124.3(2) 0(4)-B(l)-0(4A) 111.3(3) 
(ii) Hydrogen bonding 
N(2a)...0(l) 2.849 N(la)...0(2) 2.936 
0(4d)...0(3) 2.619 0(lW)...0(3) 2.811 
N(lf)...0(4) 2.904 N(2)...0(4) 2.926 
N(2j)...0(l)-C(l) 115.7 N(2j)...0(l)...N(2e) 110.1 
N(la)...0(2)-C(2) 111.0 N(la)...0(2)...N(lb) 104.9 
0(4g)�0(3)-B(l) 116.1 0(4g)...0(3)...0(4h) 124.6 
0(1W)...0(3)-B(1) 103.4 0(lW)...0(3)...0(4g) 92.7 
N(lf)...0(4)...0(3d) 113.9 N(2)...0(4)...0(3d) 102.8 
N(lf)...0(4)...N(2) 92.6 
C(l)-N(la)...0(2)-C(2) 55.0 C(2)-N(2)...0(lb)-C(lb) 48.3 
C(lf)-N(lf)...0(4)-B(l) -25.0 C(2)-N(2)...0(4)-B(1) 18.4 
B(lc)-0(4g)...0(3)-B(l) '9A 
*Symmetry transformations: 
a (x, 0.5-y, z); b (x, l+y, z); c (-x, l-y, -z); 
d (l-x, 2-y, -z); e (x, l+y, z); f(1.5-x, l-y, -0.5+z); 
g (l-x, 0.5+y, -z); h (l-x, 0.5+y, -z); i (1.5-x, 0.5+y, 4).5+z); 
j (x, 1.5-y, z) 
Standard deviations in hydrogen bond lengths and bond angles: 
CT(/)« 0.004 A, a(6>)« 0.3� 
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Crystal structure 0f(C2H5)4^THC03 -B(0H)3.i/2H20 (2.1.11) 
Although 2.1.11 was prepared using the same method as 2.1.10, urea and 
DHOB are replaced by boric acid and bicarbonate ion (formed by CO2 from the air) in 
the host lattice of 2.1.11. 
A perspective view of the crystal structure of 2.1.11 is illustrated in Fig. 2.1.21, 
It is seen that the cations are located in the space between the layers, which correspond 
to the (020) family of planes. The layer structure may be conveniently described with 
reference to the hydrogen bonding scheme shown in Fig. 2.1.22. The boric acid 
molecules and bicarbonate ions are alternately arranged and connected by hydrogen 
bonds to form a nearly planar ribbon running parallel to the a axis; the deviation of its 
structural units from co-planarity is shown by the torsion angles B(l)-0(6). . .0(3)-C(l)= 
7.0，C(l>0(l)...0(4a>B(la) = -22.6，B(la)-0(5a)...0(3)-C(l) = -15.2 and C(1)-
0(2)...0(4)-B(l) = 4 .2� . A pair of ribbons, lying side by side, are linked by lateral 0 -
H. . . 0 hydrogen bonds between matching pairs of bicarbonate ions to form a puckered 
double ribbon extending in the [001] direction. The water molecules are disordered with 
half occupancy and located near 1 sites between the double ribbons, which are cross-
linked by hydrogen bonds of the type 0(lW)-H.. .0(6) to generate a layer orientated 
normal to the h axis (Fig. 2,1.22). 
The tetraethylammonium cation is well ordered and nearly attains idealized 222 
molecular symmetry with averaged dimensions ofN-C = 1.518(5)，C-C = 1.518(5) A, C-
N-C = 109.5(3), and N-C-C = 114.8(3)°. The cations are arranged in a straight column 
running parallel to the [001] direction. Adjacent columns generated by the n glide are 
arranged side by side to form a two-dimensional cationic array. These planar arrays are 
located at y = % and % in the unit cell, each being sandwiched between two hydrogen-
bonded urea-DHOB-water layers (Fig. 2.1.21). 
The hydrogen atoms of the bicarbonate ion and boric acid were located from 
subsequent difference Fourier syntheses. Two of the three hydrogen atoms linked to 
atoms 0(1) and 0(2) have half-site occupancy. It is noted that C(l)-0(1) and C(l)-0(2) 
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have longer observed bond length of l .297 and 1.306 A correspond to direct attachment 
of a hydrogen atom, but the 0(3) atom forms two acceptor hydrogen bonds so that the 
C(l)-0(3) has a shorter length. 
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Fig. 2.1.21. Crystal structure of (C2H5)4NTHC03 -B(0H)3-'/2H20 (2.1.11). The origin of the 
unit cell lies at the upper left comer, with a towards the reader, b downwards, and 
c pointing from left to right. Broken lines represent hydrogen bonds, and atom 
types are distinguished by size and shading. 
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%少，%:V Fig. 2.1.22. Hydrogen-bonded layer in 2.1.11 formed by HCO3 -B(OH)3 double ribbons cross-linked by water molecules. Broken lines represent hydrogen bonds. 49 
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Table 2,1.8. Selected bond distances ( A ) , bond angles (。）and torsion angles (。）in the urea-
anionic systems* 
(C2Hs)4N^C03 B(0H)3-HH20 (2.1.11) 
(i) Boric acid molecule and bicarbonate anion 
C(l)-0(1) 1.297(3) C(l)-0(2) 1.306(4) 
C(l)-0(3) 1.258(4) B(l)-0(4) 1.350(4) 
B(l)-0(5) 1.356(4) B(l)-0(6) 1.359(4) 
0( l)-C(l)-0(2) 118.4(3) 0(l)-C(l)-0(3) 120.6(3) 
0(2)-C(l)-0(3) 121.0(2) 0(4)-B(l)-0(5) 122.0(3) 
0(4)-B(l)-0(6) 121.3(3) 0(5)-B(l)-0(6) 116.7(3) 
(ii) Hydrogen bonding 
0(2b)...0(l) 2.845 0(5a)...0(3) 2.752 
0(6)...0(3) 2.752 0(2)...0(4) 2.719 
0(lc)...0(4) 2.729 0(1W)... 0(6) 2.738 
0(2b)...0(l)-C(l) 125.4 0(l)...0(4a)-B(la) 116.3 
0(2b)...0(l)...0(4a) 112.1 0(6)...0(3)-C(l) 119.8 
0(5a)—0(3)-C(l) 118.6 0(5a)...0(3)...0(6) 120.6 
0(lc)...0(4)-B(l) 115.0 0(2)...0(4)-B(l) 117.0 
0(lc)...0(4)...0(2) 126.0 
C(l)-0(l)...0(4a)-B(la) -22.6 B(la)-0(5a)...0(3)-C(l) -15.2 
C(l)-0(2)...0(4)-B(l) 4.2 B(l)-0(6)...0(3)-C(l) 7.0 
C(lb)-0(lb)...0(2)-C(l) ^ 
*Symmetry transformations: 
a (-l+x, y, z); b (l-x, l-y, -z); c (l+x, y, z); d (2-x, l-y, l-z) 
Standard deviations in hydrogen bond lengths and bond angles: 
a ( / ) « 0.004 A, a (6>)« 0 . 3 � 
Novel Inclusion Compounds ofUrea with Tetraalkylammonium Pentaborates 
Pentaborate group 
Boric acid exists almost exclusively as undissociated B(OH)3 molecules and 
B(OH)4" ions in dilute aqueous solution, whereas at concentrations above 0.1 M， 
secondary equilibria involving condensation reactions of the two dominant monomeric 
species give rise to oligomers such as the triborate monoanion [BsOsCOH)^", the 
triborate dianion [B303(0H)s]^', the tetraborate [B40s(0H)4]^', and the pentaborate 
50 
Description of Crystal Structures Chapter 2 
[B5O6(OH)4]-.i8i In the preparation of inclusion compounds 2.1.12 and 2.1.13, the 
pentaborate ion is generated in situ and incorporated into the host lattice through 
hydrogen-bonding interactions with its nearest neighbors. 
The pentaborate ion, characterized by its double-ring spiro structure assembled 
from one BO4 tetrahedron and three BO3 triangles through corner-sharing, was first 
discovered nearly sixty years ago in its hydrated potassium salt 
K[B5O6(OH)4].2H2O/89'i90 and is also present in the ammonium analogue p-
NH4[B5O6(OH)4]2H2O (commonly named larderellite)^^^ and in sborgite, 
100 
Na[B506(0H)4].3H20. A more recent study confirmed that the basic structural unit in 
anhydrous Na[B5O6(OH)4] is the insular pentaborate i o n ^ A complex system of 
hydrogen bonds connect the discrete pseudo-tetrahedral oxo-anions and the cations in 
most of these compounds except larderellite, the principal component of which is the 
infinite polyanionic chain [B507(0H)2]:, the condensation product of [B5O6(OH)4]-
formed by sharing an oxygen atom between two ions. The common feature of the host 
structures of inclusion compounds 2.1.12 and 2.1.13 is the three-dimensional assembly 
of hydrogen-bonded [B5O6(OH)4]" ions and urea molecules, with the additional 
participation of either water or B(OH)3 molecules. 
Bond lengths and angles in the present two structures are listed in Table 2. The 
average B-0 distance in the BO3 triangles is 1.364 (for 2.1.12), 1.363 (for 2.1.13) and in 
the BO4 tetrahedron 1.461 (for 2.1.12), 1.470 (for 2.1.13) A, in good agreement with 
the results obtained for the corresponding tetra-w-propyl- and tetra-w-butylammonium 
clathrates, (A7-Pr)4NlB506(0H)4].2B(0H)3 and (w-Bu)4NlB506(0H)4]-.2B(0H)3: 
1.359, 1.365 and 1.465，1.470 A , r e s p e c t i v e l y，D a t a for the best least-squares planes 
each passing through an almost planar six-membered B3O3 ring and two oxygen atoms of 
the attached hydroxyl groups (hereafter referred to as a B3O3(OH)2 fragment) are listed 
in Table 3. It is shown that all the atoms of the pentaborate group lie approximately in 
two planes making a dihedral angle of 81.8 and 88.0° for 2.1.12 and 2.1.13, 
respectively. Thus the spirocyclic anion extends its four hydroxyl groups in an 
approximately tetrahedral fashion that deviates significantly from its idealized point 
group symmetry ^2m (/½). 
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Crystal structure of("-C3H7)4NlB5O6(OH)4]-.40SfH2)2CO.H2O (2.1.12) 
A stereoview of the crystal structure of 2.1.12 along the b axis is presented in Fig. 
2.1.24. In the host lattice built of urea, water molecules and pentaborate ions, a series of 
parallel elliptic channels extend along the [010] direction, and the tetra-w-
propylammonium cations are arranged in a zigzag column within each channel. 
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Fig. 2.1.24. Stereodrawing of the crystal structure of ("-C3H7)4NTp5O6(OH)4r.40^2)2CO. 
H2O (2.1.12). The origin of the unit cell lies at the upper left comer, with a 
pointing from left to right, b towards the reader, and c downwards. For clarity the 
enclosed (w-CsH?)<>^ ions are represented by large shaded circles. 
As shown in Fig. 2.1.24，the channel walls are partly made up of highly 
undulate layers parallel to (lOT) family of planes. The complicated layer structure may be 
conveniently described with reference to the hydrogen bonding scheme shown in Fig. 
2.1.25 and Table 2.1.10. Three independent urea molecules and a B3O3(OH)2 fragment 
of the pentaborate ion are linked by hydrogen bonds to form an infinite twisted ribbon 
running through the structure in the [010] direction. It can be seen from the values of 
torsion angles between these molecules (Table 2.1.10) that they are roughly coplanar, 
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except for the urea molecule composed of atoms C(1), 0(11)，N(1) and N(2) [hereafter 
conveniently referred to as C(1)]. The torsion angles between C(1) and its adjacent 
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Fig. 2.1.25. Hydrogen-bonded layer in 2.1.12 formed by the linkage of urea molecules and 
pentaborate anions. Note the double ribbon that runs parallel to [010]. Broken 
lines represent hydrogen bonds. 
molecules are: B(4)-0(9).. .0(ll)-C(l) = -67.1，C(l)-N(l)...0(3)-B(4) = -62.0，C(2)-
N(4). . .0(l l)-C(l) = 48.9°, while the average value for the other molecules and the 
B3O3(OH)2 fragment is about 25.9°. A pair of twisted ribbons arranged about a 2i screw 
axis are linked by lateral N-H...0 hydrogen bonds to form a puckered double ribbon. A 
puckered layer is then constructed by means of hydrogen bonds P^(lj)...0(14), 
N(6f)...0(14), N(2)...0(5j), and 0(8)...0(12h)] formed by the oxygen atom ofthe fourth 
urea molecule C(4), the other "vertical" B3O3(OH)2 fragment of the pentaborate ion 
(which is almost orthogonal to the double ribbon), and the nitrogen atoms of the urea 
molecules inside the double ribbon. Finally, the hydrogen bonds [0(1W)...0(1), 
0(lW)...0(8j), 0(7)...0(lW), N(7)...0(7a), and N(8)...0(11)] generated between water 
molecules, urea C(4), and pentaborate ions belonging to different adjacent layers link 
them together to built a three-dimensional channel framework. The channel wall is lined 
with hollows, each of which is surrounded by a pair of “vertical，’ B3O3(OH)2 fragments. 
The tetrahedral (C3H7)4N+ cation is well ordered and nearly attains its idealized 
222 molecular symmetry. Individual bond distances and angles are given in the 
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Supplementary Data. From the stereoview of the crystal structure illustrated in Fig. 
2.1.24，it is seen that the cations are arranged in a zigzag column within each channel, so 
that some of the w-propyl groups fit within the concave hollows of the channel wall. 
Table 2.1.9. Selected bond distances (A), bond angles (°) and torsion angles (°) in the urea-
anionic systems* 
(«-C3H7)4N+[Bs06(0H)4】 .4(NH2)2CO H2O (2.1.12) 
(i) Urea and pentaborate molecules 
B(l)-0(1) 1.460 (6) B(l)-0(2) 1.459 (4) 
B(l)-0(3) 1.485 (5) B(l)-0(4) 1.440 (5) 
B(2)-0(1) 1.345 (6) B(2)-0(5) 1.367 (4) 
B(2)-0(7) 1.406 (6) B(3)-0(2) 1.343 (6) 
B(3)-0(5) 1.414 (6) B(3)-0(8) 1.347 (4) 
B(4)-0(3) 1.331(5) B(4)-0(6) 1.396 (6) 
B(4)-0(9) 1.344(6) B(5)-0(4) 1.351(5) 
B(5)-0(6) 1.375 (6) B(5)-0(10) 1.346 (6) 
0(11)-C(1) 1.265 (4) C(l)-N(l) 1.321(7) 
C(l)-N(2) 1.329 (7) 0(12)-C(2) 1.244 (5) 
C(2)-N(3) 1.326 (6) C(2)-N(4) 1.326 (7) 
0(13)-C(3) 1.246 (5) C(3)-N(5) 1.309 (7) 
C(3)-N(6) 1.332 (7) 0(14)-C(4) 1.254 (5) 
C(4)-N(7) 1.331(8) C(4)-N(8) 1.291(7) 
N(9)-C(5) 1.526 (6) N(9)-C(8) 1.510(7) 
N(9)-C(11) 1.526 (4) N(9)-C(14) 1.541(7) 
C(5)-C(6) 1.510 (5) C(6)-C(7) 1.531(7) 
C(8)-C(9) 1.558 (7) C(9)-C(10) 1.459 (7) 
C(ll)-C(12) 1.493 (6) C(12)-C(13) 1.515 (4) 
C(14)-C(15) 1.462 (7) C(15)-C(16) 1.522 (7) 
0(l)-B(l)-0(2) 110.0(3) 0(l)-B(l)-0(3) 107.4(3) 
0(2)-B(l)-0(3) 108.3(3) 0(l)-B(l)-0(4) 109.0(3) 
0(2)-B(l)-0(4) 111.0(3) 0(3)-B(l)-0(4) 111.0(3) 
0(l)-B(2)-0(5) 120.2(4) 0(l)-B(2)-0(7) 121.5(3) 
0(5)-B(2)-0(7) 118.3(4) 0(2)-B(3)-0(5) 120.0(3) 
0(2)-B(3)-0(8) 119.1(4) 0(5)-B(3)-0(8) 120.7(4) 
0(3)-B(4)-0(6) 120.7(4) 0(3)-B(4)-0(9) 123.5(4) 
0(6)-B(4)-0(9) 115.7(4) 0(4)-B(5)-0(6) 120.5(4) 
0(4)-B(5)-0(10) 122.0(4) 0(6)-B(5)-0(10) 117.5(3) 
B(l)-0(l)-B(2) 125.1(3) B(l)-0(2)-B(3) 124.6(4) 
B(l)-0(3)-B(4) 123.4(4) B(l)-0(4)-B(5) 124.1(4) 
B(2)-0(5)-B(3) 119.2(4) B(4)-0(6)-B(5) 119.4(3) 
0(11)-C(1)-N(1) 120.8(4) 0(ll)-C(l)-N(2) 120.4(4) 
N(l)-C(l)-N(2) 118.8(3) 0(12)-C(2)-N(3) 121.1(5) 
0(12)-C(2)-N(4) 120.3(5) N(3)-C(2)-N(4) 118.6(4) 
0(13)-C(3)-N(5) 121.2(5) 0(13)-C(3)-N(6) 122.4(5) 
N(5)-C(3)-N(6) 116.3(4) 0(14)-C(4)-N(7) 118.3(5) 
0(14)-C(4)-N(8) 123.4(5) 
(ii) Hydrogen bonding 
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0(7)...0(lW) 2.585 0(8)...0(12h) 2.750 
0(9)...0(11) 2.769 0(10)...0(13e) 2.724 
Table 2.1.9 (continued) 
N(l)...0(3) 2.944 N(l)...0(141) 2.963 
N(3)...0(13) 2.933 N(3)...0(6d) 3.133 
N(4)."0(11) 2.910 N(4)...0(10d) 3.137 
N(6)...0(4i) 2.925 N(6)...0(14a) 2.856 
N(7)...0(7a) 3.080 N(8)...0(11) 3.095 
0(1W)...0(1) 2.976 0(lW)...0(8j) 2.556 
0(1W)...0(1)-B(1) 148.9 N(l)...0(3)-B(l) 119.9 
N(l)...0(3)-B(4) 108.8 N(2)...0(5)-B(2) 120.6 
N(2)...0(5)-B(3) 102.4 N(3b)...0(6)-B(4) 104.1 
N(3b)...0(6)-B(5) 133.6 N(7g)...0(7)-B(2) 125.0 
N(7g)...0(7)...0(lW) 104.5 B(3)-0(8)...0(12h) 121.0 
0(lW)...0(8)-B(3) 108.5 0(lW)...0(8)...0(12h) 123.9 
B(4)-0(9)...0(11) 95.3 B(5)-0(10)...0(13e) 113.2 
N(4b)...0(10)-B(5) 106.1 N(4b)...0(10)...0(13e) 137.7 
0(7)...0(lW)...0(8j) 88.2 0(8j)...0(lW)...0(l) 135.4 
0(7)...0(1W)...0(1) 50.5 
C(2)-N(4)...0(ll)-C(l) 48.9 C(2)-N(3)...0(13)-C(3) 25.8 
C(3)-N(6)...0(14a)-C(4a) 107.0 C(3)-N(6)...0(4)-B(4) 24.9 
C(4g)-N(7g)...0(7)-B(2) -12.2 C(2b)-N(3b)...0(6)-B(5) -18.4 
C(2b)-N(4b)...0(10)-B(5) 6.9 B(3)-0(8)...0(12h)-C(2h) 161.8 
B(4)-0(9)...0(l l)-C(l) -^T^ B(5)-0(10)...0(13c)-C(3e) -27.0 
*Symmetry transformations: 
a (l-x, -0.5+y, -z); b (l-x, 0.5+y, l-z); c (-x, 0.5+y, -z); 
d (l-x, -0.5+y, l-z); e (x, l+y, z); f ( l - x , 0.5+y, -z); 
g (l-x, l-y, -z); h (x, -l+y, z); i ( l+x, y, z); 
j (-x, -0.5+y, -z) k (-l+x, y, z) 
Standard deviations in hydrogen bond lengths and bond angles: 
a ( / ) « 0.005 A, a (6>)« 0.3。 
Crystal Structure of(w-C4H9)4NlB5O6(OH)4].20^2)2CO.B(OH)3 (2.1.13) 
As shown in Fig. 2.1.26, the host lattice of 2.1.13 comprises a set of two-
dimensional infinite layers extending parallel to the (202) family of planes. One type of 
guest species, the tetra-w-butylammonium cations (represented by large shaded circles in 
Fig. 2.1.26), are sandwiched between adjacent layers, while another most unusual guest 
component, namely a hydrogen-bonded ribbon formed by B3O3(OH)2 fragments 
belonging to different pentaborate ions, threads a row of central holes of the macrocycles 
in a stacking of the host layers. The host architecture may be conveniently described with 
reference to the hydrogen bonding scheme shown in Fig. 2.1.27. The average B-0 
distance in the BO3 triangles (1.363 A) and in the BO4 tetrahedron (1.470 A) are in good 
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Fig. 2.1.26, Stereodrawing of the crystal structure of (AJ-C4H9)4N^P506(0H)4]- .2(NH2)2CO. 
B(OH)3 (2.1.13) showing the puckered layers parallel to (202) and planar 
B3O3(OH)2" ribbons extending in the [010】direction. The origin of the unit cell 
lies at the upper left comer, with a pointing from left to right, b towards the reader 
and c downwards. Broken lines represent hydrogen bonds, and atom types are 
distinguished by size and shading. For clarity the enclosed (w-C4H9)4N^ ions are 
represented by large shaded circles. 
agreement with those in the corresponding tetra-w-butylammonium clathrates, 1.365 and 
1.470 A, respectively.i6 All the atoms of the pentaborate group lie approximately in two 
planes: the mean deviation from the best least-squares planes each passing through an 
almost planar six-membered B3O3 ring and two oxyen atoms of the attached hydroxyl 
groups are 0.022 and 0.035 A. The two planar fragments of the pentaborate group 
makes a dihedral angle of 88.0�. One B3O3(OH)2 fragment [composed of atoms B(1), 
B(2), B(3), 0(1)，0(2)，0(5), 0(7) and 0(8); B(1) is also shared by the other fragment] 
lies in the main plane of the host layer and interacts with its nearest neighbours, forming 
a pair of N-H.. .0 acceptor hydrogen bonds with urea molecule C(2) [composed of 
atoms C(2), 0(12)，N(3) and N(4), and hereafter conveniently referred to as C(2)] on 
one side, and both 0. . .H-0 acceptor and 0-H.. .0 donor hydrogen bonds with a boric 
acid molecule [composed of atoms B(6), 0(13)，0(14) and 0(15), and hereafter 
abbreviated as B(6)] on the other side, to yield a trimeric aggregate. This trimer unit 
together with its centrosymmetrically-related companion are linked by two pairs of 
hydrogen bonds involving boric acid B(6) and urea C(2) to generate a doughnut-like 
macrocyclic ring with a central hollow (Fig. 2.1.27). The relevant torsion angles, C(2b)-
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N(3b)...0(14)-B(6) = 12.0 and B(6)-0(15)...0(12b)-C(2b) = -4.5。，show that boric acid 
B(6) and urea C(2) are nearly co-planar, but the B3O3(OH)2 fragment is inclined to them 
at C(2)-N(4)...0(7)-B(2) = 34.2 and B(3)-0(8)—0(13)-B(6) = -38.7°. The hydrogen-
bonded macrocyclic rings constitute a pseudo-hexagonal arrary: the distances between 
the centers of adjacent macrocycles are AD = 13.694 and DC = 17.270 ( = b) A, and the 
angle ADC between these two repeat distances is 127 .7� (F ig . 2 1.27). The urea 
molecule C(1) functions as a bridge in linking these macrocycles into a hydrogen-bonded 
puckered layer that is oriented parallel to the (202) family of planes (Fig. 2.1.26), and the 
well-ordered tetrahedral (w-C4H9)4N^ cations are sandwiched between adjacent anionic 
urea-pentaborate-boric acid layers. 
^ ¢ ^ ^ 3 ¾ 
。錄麵翁 
, x ^ v � 0 \ , w ; n 
。 , ^ i i i ^ J % y A — ^^-^m E 013?���2f^0 ,b 1 ^ ^c ��^5^0^2c,' ��^5^S<^^^b,N4b ^ P t r ^ ' 
咖 oCVil 
Fig. 2.1.27. Hydrogen-bonded host layer in 2.1.13 showing an approximately planar array of 
macrocyclic rings formed by urea and boric acid molecules and pentaborate 
B3O3(OH)2 fragments, plus the bridging urea molecules that weave them 
together. The corresponding pseudo-hexagonal "two-dimensional unit cell" is 
outlined and the coordinates of its comers listed. Note that a portion of a planar 
B3O3(OH)2 ribbon passes obliquely through the central hole of each 
macrocyclic ring. Broken lines represent hydrogen bonds. 
The remaning B3O3(OH)2 fragment of the pentaborate ion [composed of atoms 
B(1), B(4), B(5), 0(3)，0(4)，0(6), 0(9) and 0(10)], together with identical units 
generated from a row of inversion centers, form an essentially planar hydrogen-bonded 
ribbon that is oriented parallel to (010). These ribbons extend parallel to the a axis and 
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j 
pass through the central holes of the macrocycles of stacked layers, so that the 
pentaborate ion plays a dual role as both host and guest. 
The spacing between two adjacent urea-pentaborate-boric acid layers is 9.12 A, 
which is considerably larger than the corresponding value {a = 8.40 A) for tetra-w-
butylammonium cations accommodated in the urea-bicarbonate layer structure.^^ These 
paramenters are consistent with the difference in size between the bicarbonate and 
pentaborate ions and the particular modes of molecular packing. 
Compound 2.1.13 is of interest as the pentaborate ion takes the unusual hybrid 
role of both host and guest. From an alternative point of view, the pentaborate ion may 
be considered to participate fully in the construction of the host framework. In that case 
the resulting architecture resembles a multi-storeyed building supported by leaning slab-
like pillars. 
Table 2.1.10. Selected bond distances (A), bond angles (。）and torsion angles (。）in the urea-
anionic systems* 
(w-C4H9)4N+[Bs06(0H)4] 2(NH2)2CO B(OH)3 (2.1.13) 
(i) Urea, pentaborate and borate molecules 
B(l)-0(1) 1.467(4) B(l)-0(2) 1.478(4) 
B(l)-0(3) 1.462(3) B(l)-0(4) 1.473(4) 
B(2)-0(1) 1.331(4) B(2)-0(5) 1.388(4) 
B(2)-0(7) 1.367(5) B(3)-0(2) 1.340(4) 
B(3)-0(5) 1.389(4) B(3)-0(8) 1.372(5) 
B(4)-0(3) 1.360(4) B(4)-0(6) 1.375(4) 
B(4)-0(9) 1.344(4) B(5)-0(4) 1.352(4) 
B(5)-0(6) 1.381(3) B(5)-0(10) 1.353(4) 
0(11)-C(1) 1.248(4) C(l)-N(l) 1.321(5) 
C(l)-N(2) 1.333(5) 0(12)-C(2) 1.243(4) 
C(2)-N(3) 1.331(5) C(2)-N(4) 1.345(5) 
B(6)-0(13) 1.359(4) B(6)-0(14) 1.351(5) 
B(6)-0(15) 1.370(5) 
0(l)-B(l)-0(2) 110.2(3) 0(l)-B(l)-0(3) 109.4(2) 
0(2)-B(l)-0(3) 109.1(2) 0(l)-B(l)-0(4) 108.7(2) 
0(2)-B(l)-0(4) 108.3(2) 0(3)-B(l)-0(4) 111.1(3) 
0(l)-B(2)-0(5) 121.6(3) 0(l)-B(2)-0(7) 120.7(3) 
0(5)-B(2)-0(7) 117.7(3) 0(2)-B(3)-0(5) 121.8(3) 
0(2)-B(3)-0(8) 123.0(3) 0(5)-B(3)-0(8) 115.2(3) 
0(3)-B(4)-0(6) 120.1(2) 0(3)-B(4)-0(9) 121.2(3) 
0(6)-B(4)-0(9) 118.7(3) 0(4)-B(5)-0(6) 121.0(3) 
0(4)-B(5)-0(10) 122.4(2) 0(6)-B(5)-0(10) 116.6(3) 
B(l)-0(l)-B(2) 123.4(3) B(l)-0(2)-B(3) 122.6(3) 
B(l)-0(3)-B(4) 124.2(2) B� -0 (4 ) -B(5) 123.2(2) 
B(2)-0(5)-B(3) 118.1(3) 8陶-0(6)-8(5) 120.1(3) 
0(11)-C(1)-N(1) 121.5(3) 0(ll)-C(l)-N(2) 120.1(3) 
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Table 2.1.10 (continued) 
N(l)-C(l)-N(2) 118.4(3) 0(12)-C(2)-N(3) 121.8(3) 
0(12)-C(2)-N(4) 121.8(3) N(3)-C(2)-N(4) 116.4(3) 
0(13)-B(6)-0(14) 120.5(3) 0(13)-B(6)-0(15) 120.0(3) 
0(14)-B(6)-0(15) 119.5(3) 
(ii) Hydrogen bonding 
N(3)...0(1) 3.023 0(14)...0(2) 2.733 
0(9h)...0(3) 2.778 0(10b)...0(4) 2.807 
N(le)...0(5) 2.981 N(4)...0(7) 2.997 
0(7d). . .0(l l ) 2.679 0(13)...0(11) 2.676 
N(l)...0(12a) 2.834 0(15c)...0(12a) 2.636 
0(8)...0(13) 2.813 N(3c)...0(14) 2.951 
N(2)...0(15) 2.998 
N(3)...0(l)-B(l) 111.5 N(3)...0(l)-B(2) 118.9 
0(14)...0(2)-B(1) 114.6 0(14)...0(2)-B(3) 120.2 
0(9h)...0(3)-B(l) 110.7 0(9h)...0(3)-B(4) 124.9 
O(10b)...0(4)-B(l) 109.4 O(10b)...0(4)-B(5) 127.4 
N(le)…0(5)-B(2) 117.2 N(le)�0(5)-B(3) 124.5 
N(4)...0(7)-B(2) 121.9 B(2)-0(7)...0(lle) 107.3 
N(4)...0(7)...0(lle) 129.6 B(3)-0(8)...0(13) 108.7 
0(13). . .0(ll)-C(l) 133.2 0(13)...0(ll)...0(7d) 93.3 
N(l)...0(12a)-C(2) 115.1 0(15c)...0(12a)-C(2a) 131.0 
0(15c)...0(12a)...N(l) 111.8 0(8)...0(13)-B(6) 119.6 
B(6)-0(13)...0(11) 115.3 0(8)...0(13)...0(11) 118.5 
N(3b)...0(14)-B(6) 119.9 B(6)-0(14)...0(2) 112.7 
N(3b)...0(14)_0(2) 126.7 N(2)_0(15)-B(6) 121.0 
B(6)-0(15)...0(12c) 116.8 N(2)...0(15)...0(12c) 121.3 
B(3)-0(8)...0(13)-B(6) -38.7 B(6)-0(13)...0(ll)-C(l) -0.1 
C(l)-N(l)...0(12)-C(2) 157.2 C(2)-N(3)...0(l)-B(2) 54.5 
C(2)-N(4)...0(7)-B(2) 34.2 C(l)-N(2)...0(15)-B(6) 10.9 
B(6)-0(14)...0(2)-B(3) 39.4 C(2b)-N(3b)...0(14)-B(6) 12.0 
B(6)-0(15)...0(12b)-C(2b) -4.5 C(le)-N(le)...0(5)-B(2) 3.2 
B(2)-0(7)...0(lle)-C(le) 23.5 B(5b)-O(10b)...0(4)-B(l) 176.1 
B(l)-0(3)...0(9h)-B(4h) H 7 ^ 
*Symmetry transformations: 
a (x, -l+y, z); b (l-x, -y, -z); c (-x, l-y, -z); 
d (0.5-x, 0.5+y, 0.5-z); e (0.5-x, -0.5+y, 0.5-z); f(0.5-x, l-y, 0.5-z); 
g (X，l+y, z); h (-x, -y, -z) 
Standard deviations in hydrogen bond lengths and bond angles: 
a ( / ) « 0.006 A, CT (6»)« 0.4°; 
Table 2.1.11. Leact-squares planes of2.1.12 and 2.1.13 
Equations in the form Ax + By + Cz = D, 
where x, y, and z are fractional coordinates of the monoclinic cell. 
Plane Atoms defining the plane A B C D d^ ean Crystal 
I B(2), B(3), 0(1), 0(2), 0.376 15.979 0.780 9.1568 0.030 3 
0(5)，0(7), 0(8) 11.334 0.053 1.561 3.2398 0.022 4 
~Tl B(4), B(5), 0(3), 0(4), sJIs -2.522~~-5.513~~-0.6678~~0033 3 
0(6)，0(9)，0(10) 0.705 17.073 -2.567 0.3476 0.035 4 
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2.1.5 A Novel Inclusion Compound Consolidated by Host-Host and Host-Guest 
Hydrogen Bonding: (2-Hydroxyethyl)tnmethylammonium Ions Included in a 
Channel Host Lattice Built ofUrea Molecules and Allophanate Ions 
Crystal Structure of (CH3)3N+(CH2)2OH NH2CONHCO2 <NH2)2CO (2.1.14) 
In the crystal structure of the new inclusion compound 2.1.14, a single column of 
choline ions is accommodated in each channel of the two-component urea-allophanate 
host lattice, with 0-H.. .0 hydrogen bonds formed between the guest hydroxyl groups 
and host allophanate 0 atoms. 
The three-dimensional, open-channel host framework of 2.1.14 viewed along the 
c direction is presented in Fig. 2.1.28. It can be seen that the choline cations are 
arranged in a single column about a 2i axis so that their hydroxyl groups point toward 
opposite channel walls to form donor hydrogen bonds with 0(4) atoms of the 
allophanate ions. This hydrogen bond is rather strong, as its length of 2.69(1) A lies 
closer to the short side of general 0-H.. .0 hydrogen bonds in the range 2.40-3.10 A.^ ^^  
\ \ \\ \ 
V. V \ ^ \ \一 v 4 \ L V L 
���>,V� : ;>"K:v� 、、》^兮'、少")、、\;> 
/ j / y z ‘ / i i f , . ^ ¾ ' 工 // 
/1/ 4^1——^ / /w raiW^40 /u 
乂：)、々乂 Y ^ > t t , ^ M ^ > f i ^ > . > f ^ � — , 1 稱料 > 、卞& > 1 > ^ m 1 - \ v . > 
� • � � � . � . � " i � . . .-»--,: \J, .« 、’、、）：：：、、」.-'.'?-、、、:，》 l t e r J ' t ^ W 
霄 � 1 1 z � _ | ^ ( 
Fig. 2.1.28. Three-dimensional host framework containing open channels in the ctyStal 
structure of (C^N^CO^OH-NHzCONHOV.O^) :��（2 .1 .14)，v iewed 
along the c direction. Broken lines represent hydrogen bonds, and atom types are 
distinguished by size and shading. 
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A pair of hydrogen-bonded zigzag chains, composed of allophanate ions related 
by a 2i axis, constitute two opposite walls of a hexagonal channel extending along the 
[001] direction. In the hydrogen bonding scheme shown in Fig. 2.1.29, the allophanate 
ions are connected to form a nearly planar ribbon, as illustrated by the value of the 
torsion angle C(2)-N(3)...0(3c)-C(3c) = -175.6�. Urea molecules related by the a glide 
are alternately linked by hydrogen bonds in a head-to-tail mode to generate an undulated 
chain extending along the [100] direction. Since the angle between two successive urea 
molecular planes along this chain is 129.0°, two families of parallel urea chains directed 
along [001] crosslink the chains of allophanate ions to form a three-dimensional host 
framework containing open channels whose cross section is a distorted hexagon, whose 
three independent interior angles are 103.0，128.0 and 129.0° respectively (Fig. 2.1.28). 
^ ! i | ^ ; ^ ^ ^ d 
^ d / \ / \ / \ / \ d V … N2 3 V y ^ ^ 05aQ 
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Fig. 2.1.29. Perspective view of a portion of the cross linkage of a head-to-tail urea chain and 
a zigzag allophanate ribbon in 2.1.14. 
The channel-type host structure of 2.1.14 can be compared with those of the 
classical urea inclusion compounds, in which the separation between the centers of two 
adjacent channels is 8.2 A, leading to an effective cross-sectional diameter of 5.2 A for 
the inclusion of aliphatic guest molecules. On the other hand, these two corresponding 
values in the host lattice of2.1.14 are 8.5 A and 5.5 A, respectively, which are consistent 
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with the greater bulk of the quaternary ammonium group in the choline cation. In the 
related urea-allophanate host lattice in ("-CsH^XjN+.N^CONHCCVSO^)】(：。，the 
channel has an approximately elliptical shape with effective major and minor axes of 
5.2/2 and 6.0/2 A, respectively, and neighbouring channels are separated by about 8.2 
andlO.lA.i7i 
The measured molecular dimensions of the allophanate ion in compound 2.1.14 
^ lg . 2.1.29), which adopts a planar configuration that facilitates the formation of an 
intermolecular N-H...0 hydrogen bond, agree well with those in the related tetramethyl-
and tetra-w-propyl-ammonium urea/allophanate inclusion compounds.^^^ The ethyl ester 
2.1.19 (Fig. 2.1.30) has similar molecular dimensions, except that the bond length C(3)-
0(3) is significantly shorter than C(2)-0(3), showing that the latter is effectively a single 
bond with negligible partiapation in 7i-electron delocalization over the rest of the 
molecule. 
\ ^ C 3 ^ ^ 4 a C3by^4b 
\ J > \ � 2 � " S ^ \ "<\^ 
A ^ � � \ ^ ^ ^ : � � \ ^ ^ b � � ^ j ^ f t r ^ 
Y^ 'Y^ Y\ 
0 Z Fig. 2.1.30. The crystal structure of 2.1.15 projected along the b axis, showing a coplanar 
ethyl allophanate ribbon running parallel to the [001] direction; broken lines 
represent hydrogen bonds. 
In summary, we have shown that the elusive allophanate ion can be generated in 
situ and stabilized by urea in a crystalline environment, and the allophanate 0 atoms of 
the resulting hydrogen-bonded hydrophilic host lattice can form acceptor hydrogen 
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bonds with the hydroxyl groups of choline guests [Fig. 2.1.31(b)]. This may be 
contrasted with the classical urea or thiourea inclusion compounds formed by self-
assembly, as well as inclusion compounds built of urea or thiourea together with various 
anions, in which the hydrophobic guest species are retained by steric barriers formed by 
the hydrogen-bonded host lattice [Fig. 2.1.31(a)]. 
^ ^ i i i i i t J ^ ^ j ^ i i i i i # A ^ 
/ 口 \ / ' ^ \ 
\ 口 / \ ⑶ “ / 
a N :^""ioy^ b \r®iiiiioy^ 
�� • ™ 
host hydrophobic guest containing 
components guest hydrophilic fiinctional group 
Fig. 2.1.31. Diagrammatic O>rojection) representation of two different modes of channel 
inclusion involving hydrogen bonding interactions (indicated by broken lines): (a) 
guest molecules arranged in a zigzag chain are retained by steric barriers formed 
by the hydrogen-bonded host lattice (b) hydrogen bonds also exist between host 
and guest components, as in the case of 2.1.14. 
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Table 2.1.13, Selected bond distances (A), bond angles (。）and torsion angles (。）in (2.1.14)* 
(i) Urea and allophanate molecules 
0(1)-C(1) 1.250(2) C(l)-N(l) 1.379(3) 
C(l)-N(2) 1.307(3) 0(2)-C(2) 1.234(3) 
C(2)-N(3) 1.319(3) C(2)-N(4) 1.387(3) 
N(4)-C(3) 1.408(3) C(3)-0(3) 1.221(3) 
C(3)-0(4) 1.238(3) 
0(1)-C(1)-N(1) 118.9(2) 0(l)-C(l)-N(2) 124.1(2) 
N(l)-C(l)-N(2) 117.0(2) 0(2)-C(2)-N(3) 121.8(2) 
0(2)-C(2)-N(4) 118.0(2) N(3)-C(2)-N(4) 119.9(2) 
C(2)-N(4)-C(3) 128.5(2) N(4)-C(3)-0(3) 115.4(2) 
N(4)-C(3)-CX4) 119.2(2) 0(3)-C(3)-CK4) 125.4(2) 
(ii) Hydrogen bonding (donor atom listed first) 
>^ (1&)吣0(1) 2.980 N(2a)...0(l) 3.023 
N(3b)...0(l) 2.998 N(4)...0(1) 3.010 
N(2)...0(2) 2.949 N(3b)...0(3) 2.877 
N(lc)...CX4) 3.075 0(5e)...0(4) 3.075 
N(3b)...0(l)-C(l) 122.5 N(4)...0(l)-C(l) 114.1 
N(2)...0(2)-C(2) 117.2 N(3b)...0(3)-C(3) 137.2 
N(lc)...0(4)-C(3) 146.7 
C(la)-N(la)...0(l)-C(l) 107.2 €(13)-1^(23)吣0(1)-€(1) -107.3 
C(l)-N(2)...0(2)-C(2) 57.4 C(2b)-N(3b)...0(3)-C(3) -177.2 
C(lc)-N(lc)...0(4)-C(3) 124.1 
*Symmetry transformations: 
a (-0.5+x, 0.5-乂 z); b (-x, l-y, -0.5+z); c (-x, l-y, 0.5+z); 
d (0.5+x, 0.5-少，z); e (0.5-x, 0.5+y, -0.5+z) 
Standard deviations in hydrogen bond lengths and bond angles: 
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2.1.6. Tetraethylammonium and phosphonium Chloride complexes 
Crystal Structure of(C2H5>4>rcr- 2 _ 2 ) 2 C O (2.1.16) 
In Compound 2.1.16 the tetraethylammonium cations are separated by urea-chloride 
puckered layers to generate a sandwich-like packing mode, and its layer structure may be 
conveniently described with reference to the hydrogen bonding scheme shown in Fig. 
2.1.32 and Table 2.1.14. Two independent urea molecules C(1) [for simplicity the urea 
molecule composed of atoms C(1), 0(1)，N(1) and N(2) is designated as C(1)] and C(2) 
are connected by a pair ofN-H...O hydrogen bonds to form a dimer. These dimers are 
arranged in a broadside manner and inter-linked by pairs ofN-H. . .O hydrogen bonds to 
generate an approximately planar wide ribbon runinng parallel to the c axis; the deviation 
of its molecular moieties from co-planarity is shown by the torsion angles C(2)-
N(4)...0(l)-C(l) = -7.1，C(l)-N(l)...0(2)-C(2) = 5.2, C(l)-N(l).. .0(le)-C(le) = -74.0， 
and C(2e)-N(4e)...0(2)-C(2) = 28.1°. The distance between N(1) and 0 ( l e ) (3.271 A) is 
c S ^ ^ ^ - " - < S ^ ^ A x ^ " - - < = S ^ ^ - - - ' ^ = S ^ ^ 
人 人 人 人 / 、、、、/ 、\ / 、、、、/ 
敬 y ,0CI(1b) � _ 1 d ^ 、 A ^ 、 ? 、 , 、、 、 p ^ 7^ - Y � 
、 Z � , 〜 Z s N(2^ Y^ "Nj^ 2l " Y " " Y " 
N ( ; : ; p ^ - ' ' ' ^ ^ o ( r Y V ' ' ' Y S 
I I ' '_ 1 _» 、、 I 
0(2e)(^ N(4eJ^  0(2^ 丄_ k I A 1 
^ ^ & - - ' ^ Y ^ ' ' ' ' ^ Y ^ r ' ^ Y ^ ^ 
" ' ^ ^ . ^ ^ . , 人 ， . > ^ / 、、、/ 、、、/ 、\ / 
0 C l ( 1 e ) ^ J ^ C i n i ^ C I ( 1 d ) 2 ^ 
\ 0 L i 1^  j_ 、 I ' \ 、 
�� • ‘ � ,_ \ � ：‘ � 
Y^f) "^ Y^^ 2al ^ ^ Y^ 
N i ^ ^ ^ ‘ N S f ^ � n : V ^ " " Y ^ 
Fig. 2.1.32. Hydrogen-bonded puckered layer in (C2H5)4N^CT. 20SfH2)2CO (2.1.16) formed by 
wide urea ribbons bridged by chloride ions. Broken lines represent hydrogen bonds. 
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too long to be considered as that of a hydrogen bond. The chloride ions lie in between 
the ribbons, and hydrogen bonds of the types N-H...C1 link them together to form a 
puckered layer normal to the b axis (Fig. 2.1.32). Urea-chloride layers of this type are 
located at y = 1/4 and 3/4 (Fig. 2.1.33). 
The tetraethylammonium cations, which are well ordered and nearly attain 
idealized 42w molecular symmetry, are arranged in a column running parallel to the 
[100] direction. Adjacent columns are arranged side by side, separated by a distance of 
dl but shifted by a!2 in the [100] direction, to generate a cationic layer parallel to the 
(010) family of planes. These layers are located 2Xy = 0 and %in the unit cell, each being 
sandwiched between two hydrogen-bonded urea-chloride layers (Fig. 2.1.33). 
N x f ^ ^ ^ f > ^ N A p ^ ^ r > ^ 
二 - : > 0 : > : : - 火 二 ： … 
f s A ^ T ) z 个 山 个 入 
< : ， 0 < . ， : : 二 < : : 《 ^ 2 ^ < ， : 二 
v v k ^ ^ ^ i H f ^ N A K � . j ^ 
Fig. 2.1.33. Stereodrawing of the crystal structure of 2.1.16. The origin of the unit cell lies at 
the upper right comer, with a pointing from right to left, b downwards, and c 
towards the reader. Broken lines represent hydrogen bonds, and atom types are 
distinguished by size and shading. 
Crystal Structure of(C2H5)4P+Cr. 2 ^ ^ 3 ) 2 ^ 0 (2.1.17) 
Fig. 2.1.34 shows a portion of an urea-chloride layer consolidated by hydrogen 
bonding. Both independent urea molecules are located on a crystallographic mirror 
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plane, and are alternately linked by pairs ofN-H...O hydrogen bonds to form a slightly 
buckled ribbon running parallel to the a axis; the resulting ribbon is virtually planar as 
indicated by the torsion angles C( l ) -N( l )�0(2) -C(2) = -5.3 and C(2)-N(2b)...0(l)-C(l) 
=-3.6°. Adjacent ribbons related by a 2\ screw axis are aligned in such a way that 
matching pairs of urea molecules face each other to form donor hydrogen bonds to the 
same chloride ion in a bidentate chelating mode. The net result is that the urea ribbons 
are bridged periodically by chloride ions to generate a sawtooth wave-like layer. This 
type of linkage is very similar to that in the host structure of the tetrabutylammonium 
chloride-thiourea inclusion compound [(«-04^)4>^€1'- 20^2)2�8，space group P2i, a 
=8.754 (2), b = 8.857(2), c = 16.748(3) A P = 92.00(3)。，Z = 2]/^^ except that in that 
case the layer is nearly planar. Finally, the present sawtooth layers are alternately stacked 
parallel to the (010) family of planes, such that the "crests" and "troughs” of each layer 
are concentrated at z = 0 and V$ respectively. The (C2H5)4P+ cations are sandwiched 
between these layers, as shown in a stereoview of the crystal structure in Fig. 2.1.35. 
o ^ y < \ ,cJ y^ A > : : � y ^ 
^ \ ； w � 4 \ 
) V . N ^ 厂 � � y j 
H X|�:•:, cnc^o"�> ^ > ^ 、 ， y ^ 
/ Y ' � 4 u y y � � 4 
4 / \ 产、、、 A / 
Y^ 0I2I^ >^ CI2I 東’ ^K) 
^ \ / V ' z � � � 4 \ 
\ fe^ c"i, ；4 / \ K � ， 4 
o(2d)c>K5c(2d)r^ ' c(K o^<i' ^ ~ ~ l z . , V o 
/ k ' M u / y � � i 
H / \ r x ' 八 / 
y<) 0(2f) tM5c(2fl • ‘ jH^ 
n Y � � � < 
Fig. 2.1.34. Hydrogen-bonded layer in (C2H5)4P+Cr. 2OSH2)2CO (2.1.17) formed by urea 
ribbons bridged by chloride ions. Broken lines represent hydrogen bonds. 
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V A V Y A V 
0) ^ 0 、战 <P df> ^^ ^ f ) 供 V 0 V / P 7 ^ ^ ^ % , / V j ; ^ ^ ^ / 
卞 . 办 | ^ 4 ^ ^ 
\ W ^ ^ # \ . V r V / 
Y J \ • . • ^ ¾ � � • 
Fig. 2.1.35. Stereodrawing of the crystal structure of 2.1.17. The origin of the unit cell lies at 
the upper left comer, with a pointing towards the reader, b downwards, and c from 
left to right. Broken lines represent hydrogen bonds, and atom types are 
distinguished by size and shading. 
Table 2.1.14. Selected bond distances ( ^ , bond angles (。）and torsion angles (°) in the urea-
chloride systems* 
(C2Hs)4N+CT. 2CO(NH2)2 (2.1.16) 
(i) Urea molecules 
0(1)-C(1) 1.239(4) C(l)-N(l) 1.354(5) 
C(l)-N(2) 1.340(5) 0(2)-C(2) 1.243(4) 
C(2)-N(3) 1.345(5) C(2)-N(4) 1.336(4) 
0(1)-C(1)-N(1) 121.0(3) 0(l)-C(l)-N(2) 122.0(3) 
N(l)-C(l)-N(2) 117.0(3) 0(2)-C(2)-N(3) 121.3(3) 
0(2)-C(2)-N(4) 121.3(3) N(3)-C(2)-N(4) 117.4(3) 
(ii) Hydrogen bonding (donor atom listed first) 
N(4)...0(1) 2.915 N(l)...0(2) 2.975 
N(4e)...0(2) 2.925 N(l)...0(le) 3.271 
N(2a)...Cl(l) 3.258 N(3)...C1(1) 3.368 
N(3e)...Cl(l) 3.316 N(2f)...Cl(l) 3.254 
N(4)...0(l)-C(l) 122.6 N(l)...0(2)-C(2) 121.6 
N(l)...0(le)〜N(4e) 81.2 N(l)—0(2)...N(4e) 86.3 
C(l)-N(l)...0(2)-C(2) 5.2 C(2)-N(4)...0(l)-C(l) -7.1 
C(2e)-N(4e)...0(2)-C(2) 28.1 C(l)-N(l)...0(le)-C(le) -74.0 
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Table 2.1.14. (continued) 
(C2Hs)4P+CI . 2c0am2)2 (2.1.17) 
(i) Urea molecules 
0(1)-C(1) 1.235(5) C(l)-N(l) 1.311(4) 
0(2)-C(2) 1.257(5) C(2)-N(2) 1.366(3) 
0(1)-C(1)-N(1) 123.3(2) N(l)-C(l)-N(lb) 113.0(4) 
0(2)-C(2)-N(2) 120.2(2) N(2)-C(2)-N(2b) 119.5(4) 
(ii) Hydrogen bonding (donor atom listed first) 
N(4)...0(1) 2.915 N(l)...0(2) 2.975 
N(4e)...0(2) 2.925 N(l)...0(le) 3.271 
N(2a)...Cl(l) 3.258 N(3)...C1(1) 3.368 
N(3e)...Cl(l) 3.316 N(2f)...Cl(l) 3.254 
N(4)...0(l)-C(l) 122.6 N(l)...0(2)-C(2) 121.6 
N(l)...0(le)...N(4e) 81.2 N(l)…0(2)…N(4e) 86.3 
C(l)-N(l)...0(2)-C(2) 5.2 C(2)-N(4)...0(l)-C(l) -7.1 
C(2e)-N(4e)...0(2)-C(2) 28.1 C(l)-N(l)—0(le)-C(le) -74.0 
*Symmetry transformations: 
2.1.16, a (X，y，-l+z); b (x, y, l+z); c (l+x, y，z); 
d (-l+x, y, z) e (l+x, y, l+z) f (-l+x, y，-l+z) 
2.1.17, a (l+x,少，z); b (l-x,少，z); c (-0.5+x, -乂 -0.5+z); 
d (0.5-x,-义-0.5+z); e (-x, y, z); f (-l+x, y, z) 
Standard deviations in hydrogen bond lengths and bond angles: 
2.1.16, a (0 «0.009 A, cr(6)«0.5。； 
2.1.17, a (/) « 0.004 A, a (0 « 0.2 ° 
Structural Features and Relationships 
The layer-type host structure of 2.1.16 can be compared to those found in our previous 
studies on urea-water-tetraethylammonium halide inclusion complexes^^^ and adducts of 
urea and peralkylated ammonium bicarbonate salts.^ ^^ The interlayer spacing of h!2 = 
7.4SAin complex 2.1.16 is slightly larger than the corresponding values of the previous 
stmctures, namely the nearly planar urea-water-halide layer {b!2 = 7.28i^ in monoclinic 
(C2H5)4N+Cr.0^2)2CO*2H2O/74 and the nearly planar urea-water-bicarbonate dimer 
layer (Z>/4 = 1 2 9 ^ in monoclinic (C2H5)4N+HCO3�0SfH2)2CO.2H2O，i94 and the variation 
is consistent with the different extent of deviation from planarity of the layers. 
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The crystal structure of 2.1.17 is similar to those found in the thiourea/tetra-w-
propylammonium acetate complex/^^ in which the (w-C3H7)4N^ cations are sandwiched 
between wave-like layers formed by thiourea dimers and acetate dimers. The interlayer 
spacing 9.20A( = b) in complex 2.1.17 is considerably larger than the corresponding 
values found in related urea complexes containing the tetraethylammonium cation, for 
example the three aforementioned compounds, and even exceeds that of the 
thioureaAetra-w-propylammonium acetate complex, 8.61 A( = b). Since the host layer in 
2.1.17 is really a pleated sheet, a more appropriate estimate of the size of the entrapped 
(C2H5)4P+ ion must take into account the "dead space’，around the folded region. The 
above interlayer spacing data for the urea adducts can be rationalized in terms of the 
difference in size between the individual quaternary ammonium and phosphonium ions. 
As expected, the average value ofthe P-C bond lengths of(C2H5)4P+ in 2.1.17 (1.839 1^ 
is shorter than those of("-C4H9)4P+ (1.924 i ^ / ' ' but longer than 1.775 Aofthe (CH3)4P+ 
ioni68a and 1.76 Ain (CH3)3PCH2BH3i68b; the present value is in good agreement with the 
majority 0fP-C(5/?^) bond lengths, for example 1.840 and 1.846 Ain methyl( 1 -hydroxyl-
l-phenylethyl)phenylphosphinatei68e and 1.814 A in the 5-
uracilylmethyltriphenylphosphonium cation. ^ ^^ ^ 
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2.2. Thiourea-Anion Inclusion Compounds 
In the design of new thiourea-anion host lattices, we have carried out parallel 
studies employing some simple trigonal planar anions such as HCO3' (2.2.2-2.2.4), NO3-
(2.2.5-2.2.9) and CO3 "^ (2.2.23, 2.2.24) that can easily form O. . .H-N acceptor hydrogen 
bonds with thiourea molecules. 
The nitrate anion has been subjected to experimental studies, using techniques 
such as Raman spectrophotometry and X-ray scattering, on its hydrogen-bonding 
interactions with water molecules in aqueous solution.^ ^ '^^ ^^ The formation of hydrogen 
bonds between NO3" and H2O has also been investigated by means of semiempirical and 
ab initio quantum mechanical methods.^ ^^"^^^ Furthermore, in the molecular inclusion 
complex [16-pyrimidinium crown-4]ps[03)4, one nitrate anion has been found to function 
as a guest species wedged between opposite pyrimidinium rings while interacting with 
« ^ 1 % « ^ two macrocyclic cations. 
Some monocarboxylic acid anions, such as HCO2' (2.2.10-2.2.13) and CH3CO2' 
(2.2.14-2.2.17) have also been used in our series of studies. 
*^A1 
The crystal structure of formic acid was determined by Holitzberg et al and 
later refined by Nahringbauer using low-temperature (98K) data [space group Pna2i, 
with a = 10.241(1)，b = 3.544(1), c = 5.356(1) A Z = 4]. It was reported that the formic 
acid molecules appear in the catemer motif, being interlinked by 0-H.. .0 bonds, and the 
resulting catemer chains are tightly packed to form (100) layers, in which the formyl H 
atom is not involved in any hydrogen bond so that the interaction between the chains is 
apparently of the van der Waals type.^ ^ '^^ ^^ Recent ab initio calculations^^^ have shown 
that the weakest form of hydrogen-bonding interaction, represented by the C-H...0 bond 
in a cyclic adduct of formic acid with formamide, still contributes a significant amount of 
10-15 kJ/mol to the complex interaction energy, and a clear indication was find that the 
formyl proton may indeed participate in hydrogen bonding, despite the fact that the 
H...0 bond length may be extended up to 2.50A. 
The structure of acetic acid (CH3COOH) has been investigated in the vapor 
phase by electron diffraction^ in solution by infra-rad spectroscopy^ and in the solid 
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State by single crystal X-ray difFraction.^ ®^ It is found that the acetic acid molecules are 
linked together to form cyclic planar dimers of C2h symmetry in the gaseous state, infinite 
• • 21Q 
zigzag chains in the solid state, and both cyclic and acyclic units in the pure liquid. In 
the rational design of new thiourea-anion lattices that can accommodate peralkylated 
ammonium cations of different sizes, we consider the acetate ion which can easily form 
O...H-N hydrogen bonds with thiourea molecules. 
a-Oxalic acid crystallizes in space group PbccP"^ ^ in which the molecules are 
interlinked by 0-H.. .0 bonds in the catemer motif to generate a bc hydrogen-bonded 
layer. On the other hand, the P form of oxalic acid belongs to space group Pl\l(?^^ with 
hydrogen-bonded chains running parallel to the a axis. The available structural data show 
that the C-C bonds in oxalic acid and the oxalate ion are both significantly longer than 
the normal C-C single bond in aliphatic compounds. 
Fumaric acid is dimorphic (Pl, Z = 1; Ph/c, Z = 6)212,21; ^ d the molecules are 
arranged in layers in its two crystal forms. Moreover, these layers are isostructural, being 
related by 2i axes in the monoclinic structure and by translation in the triclinic structure. 
Since intramolecular forces favour the synplanar 0=C-C=0 conformer, the antiplanar 
C=C-C=0 conformation of fumaric acid must be due primarily to intralayer, i.e. C-
H...O(carbonyl) interaction. An atom-atom potential analysis of the packing 
characteristics of fumaric acid indicated that the C-H...O(carbonyl) interaction plays an 
2 0 5 
important role in stabilizing the observed layer structure. 
In the rational design of new thiourea-anion lattices that can accommodate 
peralkylated ammonium cations of different sizes, we consider the oxalate 
(2.2.18,2.2.22) and fumarate ions (2.2.19-2.2.21) each containing two carboxyl groups 
which can easily form O...H-N hydrogen bonds with thiourea molecules. 
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2.2.1 Tetra-n-butylammonium ChIoride-Thiourea (1/2), a Layer-Type Inclusion 
Compound of (#i-C4H9)4N^CP 2(NH2)2CS (2.2.1) 
In the structure of(w-C4H9)4N^Cr. 2O^2)2CS (2.2.1) the thiourea molecules and 
chloride ions form nearly planar layers while the ordered tetra-w-butyIammonium ions are 
sandwiched between them. The layers which correspond to the (101) family of planes 
result from parallel hydrogen-bonded thiourea ribbons that are cross-bridged by chloride 
anions. 
N(1)X^ j ^ ( 2 ) 
S(1a) 一 一 <^'''^>Ef''^^- - ~~ S(1b) 
命-- Tcni � ~ 1 ^ 
^ w ^ ^ , ' | s < w ^ C ^ 
N(1a)Y YN<2a) N(1b>Y yNI2b) k P q P 
\ • \ / 
\ / \ / 
\ / \ • Cl(1e)<^ ^CI(1) / \ / \ •/ \ / \ / \ / � t \ / N 
N(4d^s ^ ^ ^ c ) N(4dJ^s j ^ ^ d ) 
^ ^ 2 c )、、、、舉---一 ^ ^ 2 d ) 
® ~ " � J>C(2) 一’® S(2c) s - < S c ^ X ^ ^ l ; 4 ^ ' ' S(2d> 
mW ^NI3) 
Fig. 2.2.1. Perspective view of a portion of a thiourea-chloride layer consolidated by 
hydrogen bonding in (w-C4H9)4N^Cl"- 2(NH2)2CS. The thermal ellipsoids are 
drawn at the 35% probability level. 
Fig. 2.2.1 shows a portion of a thiourea-chloride layer consolidated by hydrogen 
bonding. Both independent thiourea molecules have normal planar configuration and 
dimensions. Each thiourea molecule couples with two neighbors related to it by a 2i 
screw axis to generate a slightly buckled ribbon running parallel to the b axis; these two 
resulting ribbons are each nearly planar as indicated by the torsion angles C(la)-
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N(2a)...S(l)-C(l) = -15.2(4), C(lb)-N(lb)...S(l)-C(l) = -9.6(5) and C(2c)-N(3c)...S(2)-
C(2) = -5.9(5), C(2d)-N(4d)...S(2)-C(2) = 2.2(5)°, respectively. Adjacent ribbons are 
nearly coplanar and aligned in such a way that each has a thiourea molecule forming 
donor hydrogen bonds to the same chloride ion in a bidentate chelating mode. The 
resulting puckered layer which correspond to the (101) family of planes is thus generated 
by hydrogen bonded thiourea ribbons and bridging chloride ions. As shown in Fig. 2.2.1, 
an open octagon lies between a pair of chloride ions in each layer. This thiourea-halide 
lattice can be contrasted with that of the compound (w-C4H9)3(CH3)N+Cr. 2O^2)CS^ 
in which each thiourea ribbon is constructed from two independent thiourea molecules 
and the ribbons are arranged in the crisscross fashion. 
^ ^ 
： 碗 / # r t i L 
4¾^  推々  
雕^  雕. 
产 产 
Fig. 2.2.2. Stereoview of the crystal structure of (2.2.1). The origin of the unit cell lies at 
the upper left comer, with a pointing from left to right, b towards the reader, 
and c downwards. 
A stereoview of the crystal structure is illustrated in Fig. 2.2.2. It is seen that the 
ordered (w-C4H9)4N+ cations are sandwiched between hydrophilic layers with one alkyl 
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leg pointing toward a neighboring octagonal void. The interlayer spacing is about 9.31 A 
which is larger than the corresponding value for a similar layer structure with tetra-w-
butylammonium cations accommodated in the urea-bicarbonate lattice, l/a* = 8.32 Ain 
triclinic (w-C4H9)4N+HCO3-. 30SfH2)2CO/^ ^ as may be expected in view of the larger size 
ofthe S atom. 
Table 2.2.1. Selected bond distances (A), bond angles f ) and torsion angles (°) 
S(l)-C(l) 1.690(4) S(2)-C(2) 1.688(5) 
C(l)-N(l) 1.341(8) C(2)-N(3) 1.309(9) 
C(l)-N(2) 1.312(8) C(2)-N(4) 1.351(9) 
S(l)-C(l)-N(l) 120.6(5) S(l)-C(l)-N(2) 122.4(5) 
N(l)-CXl)-N(2) 117.0(4) S(2)-C(2)-N(3) 123.3(5) 
S(2)-C(2)-N(4) 120.3(5) N(3)-C(2)-N(4) 116.4(4) 
N(lb)...S(l) 3.497 N(2a)-S(l) 3.535 
N(3c)-S(2) 3.485 N(4d)-S(2) 3.509 
N(lb)〜Cl 3.326 N(2b)..Cl 3.258 
N(3d)...Cl 3.204 N(4d)�a 3.304 
N(lb)...S(l)...N(2a) 141.2 N(2a)...Cl(le)-N(3c) 145.7 
N(3c)-S(2)-N(4d) 141.1 N(4d)-Cl( l ) -N(lb) 132.7 
Cl(l)...N(lb)...S(l) 132.1 Cl(l)...N(4d)...S(2) 132.0 
Cl(le)-N(2a)...S(l) 123.0 Cl(le)-N(3c>..S(2) 126.1 
N(3d)�a( l ) . . .N(4d) 40.7 N(4d)�Cl( l ) . .N( lb) 132.7 
N(lb)...a(l)...N(2b) 40.1 N(2b)...Cl(l)...N(3d) 145.7 
C(la)-N(2a)-S(l)-C(l) -15.2 C(lb)-N(lb)...S(l)-C(l) -9.7 
C(2c)-N(3c)-S(2)-C(2) -6.0 C(2d)-N(4d)-S(2)-C(2) 0 
symmetry codes: 
(a) l-x, 0.5+y, l-z; Qoi) 1-x，-0.5+y, l-z; (c) -x, 0.5+y, 2-z; 
(d) -X，-0.5+y, 2-z; (e) x’ i+y, z. 
Standard deviations in hydrogen bond lengths and bond angles: 
a (0 « 0.008 A, a (0) « 0.5 ° 
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2.2.2. Hydrogen-Bonded Host Lattices Built of Thiourea and Cyclic Dimeric 
Bicarbonate Moieties 
Crystal Structure of (C2H5)4N+HCO3�0SfH2)2CS*H2O (2.2.2) 
The structure of 2.2.2 is comparable to those obtained in our previous work on a 
series of urea-water-tetraethylammonium halide inclusion complexes/^^ The layer 
structure may be conveniently described with reference to the hydrogen bonding scheme 
shown in Fig. 2.2.3 and Table 2.2.4. The thiourea molecules are alternately linked by 
_ f tN(2b) N"oJ^  J^ o> 
r ' " Y " 、 、 、 f - - ^ ^ Y " 、 、 l Y V , ' i ? 、 、 、 ^ ^ r 、 V Y \ ： i ； ； i i ‘ 0¾ A0(1I ,.-6c Jz> 
' 产 - 丫 、 、 ’ 〒 - ^ ¥ 、 、 、 、 〒 - ( ' Y 
人 -乂‘" � : i : r ^ ‘ - W � " o - r ^ - ^ ' 
^ ¾ ? , ^ 
Fig. 2.2.3. Hydrogen-bonded layer in 2.2.2 formed by the cross-linkage of thiourea ribbons 
and [{HCO3')2*H2O]00 ribbons. Broken lines represent hydrogen bonds. 
pairs of N-H...S hydrogen bonds to form an approximately planar ribbon oriented 
parallel to a. The bicarbonate ions occur as centrosymmetric cyclic dimers each 
consolidated by a pair of 0-H...0 hydrogen bonds, and together with the water 
molecules they form a highly puckered zigzag [(HCO3-)2(H2O)2L ribbon by CL.H-
0(1W) hydrogen bonding. For these puckered zigzag [(HCO3")2(H2O)2]oo ribbon by 
0...H-0(1W) hydrogen bonding. For these torsion angles: C(la)-N(la)...S(l)-C(l)= 
5.7, C(l)-N(l)...S(lb)-C(lb) = -5.7; but 0(lW)...0(l)-C(2)-0(2) = -61.3，C(2)-
0(l)...0(lW)...0(2c) = 91.4°, respectively. The parallel arrangement of these two kinds 
of complementary ribbons facilitates cross-linkage by pairs of N-H...0 hydrogen bonds 
to form a puckered layer normal to the b axis (Fig. 2.2.3). 
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The interlayer spacing of b!2 = 7.465Ais slightly larger than the corresponding 
values for similar layer structures with tetraethylammonium cations accommodated in the 
urea-water-halide lattice {bH = 121%h in monoclinic (C2H5)4N+Cl�0^e2)2CO.2H2O)i74 
and the acetate-water lattice (l/Z>* = 7.39A in triclinic (C2H5)4N+CH3C00 -4H20)/^^ as 
may be expected in view of the larger size of the S atom. 
. . ^ ^ ^ ^ ¾ ¾ ^ " ' « « ^ _ ^ 4 r � 
X ^" 0 X 。'- 〇 C^ ^%^ o <r>V^ J c^^V '^ A - " % ^ 冬 
' ^ � K ^ �N^)s^ 另 ^r^ ‘ N , | ^ 
a ^ p : ^ | : : f e ^ ¾ ? ¾ ^ ^ 
^ NA^^T^NAr^ � | s A ^ ' � " s A ^ 
务二'袋�4扣 i ^ ^ ^ 9 ^ r ^ -
^^'-.o^-^^ ^ ^ : < ¾ - - - ^ ' . 
Fig. 2.2.4. Stereodrawing ofthe crystal structure of2.2.2. The origin of the unit cell lies at 
the upper right comer, with a pointing from right to left, b downwards and c 
towards the reader. Broken lines represent hydrogen bonds, and atom types are 
distinguished by size and shading. 
The tetrahedral (C2H5)4N+ cation is well ordered and nearly attains its idealized 
222 molecular symmetry. Its averaged dimensions are N-C = 1.517(9), C-C = 1.523(10) 
K, C-N-C = 109.5(5), and N-C-C = 114.9(6)°. Individual bond distances and angles are 
given in the Supplementary Data. A stereo view of the crystal structure is illustrated in 
Fig. 2.2.4. It is seen that the cations are located in the space between the layers, which 
correspond to the (020) family of planes. 
Table 2.2.2. Selected bond distances (为，bond angles (。）and torsion angles (°) in the 
thiourea-bicarbonate systems* 
(C2Hs)4N^C03 -CSOVH2)r H2O (2.2.2) 
(i) Thiourea and bicarbonate molecules 
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S(l)-C(l) 1.720(4) C(l)-N(l) 1.307(6) 
C(l)-N(2) 1.312(6) C(2)-0(1) 1.265(7) 
C(2)-0(2) 1.228(8) C(2)-0(3) 1.313(6) 
S(l)-C(l)-N(l) 120.8(3) S(l)-C(l)-N(2) 120.7(3) 
N(l)-C(l)-N(2) 118.5(4) 0(l)-C(2)-0(2) 123.2(4) 
0(l)-C(2)-0(3) 118.8(5) 0(2)-C(2)-0(3) 118.0(5) 
(ii) Hydrogen bonding (donor atom listed first) 
N(2b)...S(l) 3.557 N(la)...S(l) 3.479 
N(l)...0(2) 2.799 N(2)...0(3) 2.913 
0(1)...0(1W) 2.900 0(2)."0(lWc) 2.761 
0(3)...0(ld) 2.564 
N(la)."S(l)-C(l) 108.7 N(la)...S(l)...N(2b) 141.7 
C(l)-N(l)...S(lb) 129.7 C(l)-N(l)...0(2) 118.9 
0(2)...N(l)...S(lb) 111.1 C(l)-N(2)...S(la) 126.8 
C(l)-N(2)...0(3) 120.9 0(3)...N(2)...S(la) 108.3 
0(lW)...0(l)-C(2) 108.9 0(3d)-0(l)-C(2) 118.1 
0(3d)...0(l)...0(lW) 105.5 N(l)...0(2)-C(2) 124.2 
0(1*。)一0(2)-€(2) 140.3 0(lWc)...0(2)".N(l) 95.4 
N(2)...0(3)-C(2) 113.7 N(2)...0(3)...0(ld) 121.7 
0(ld)...0(3)-C(2) 123.8 
C(la)-N(la)...S(l)-C(l) 5.7 C(lb)-N(2b)...S(l)-C(l) -37.3 
C(l)-N(2)〜0(3)-C(2) 6.8 C(2)-0(l)...0(3d)-C(2d) 1.2 
C(lb)-S(lb)—N(2)—0(3) -165.2 0(lW)...0(2c)-C(2c)-0(3c) -179.9 
0(lW)...0(l)-C(2)-0(2) "61.3 N(2)...0(3)...0(ld)-C(2d) -170.6 
C(2)-0(1).. .0(1W).. .0(2c) 91.4 
*Symmetry transformations: 
a (-0.5+x, y, 0.5-); b (0.5+x, y, 0.5-z); c (l-x, 1-少，-z); 
d ('X, 1-少，l-z) 
Standard deviations in hydrogen bond lengths and bond angles: 
CT (0 « 0.009 A, CT (0) « 0.6。 
Crystal Structure of (n-C^K^)4NmCO{'2Om2)2CS (2.2.3) 
The atom-labeling scheme and hydrogen-bonding interactions are shown in Fig. 
2.2.5. In the crystal structure of 2.2.3, both independent thiourea molecules are involved 
in forming zigzag, puckered ribbons (torsion angles C(2)-N(4)...S(1 c)-C( 1 c) =48.4, 
C(l)-N(2)...S(2a)-C(2a) = -47.3°) running parallel to a, and these ribbons are 
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Fig. 2.2.5. Perspective view of a portion of the thiourea-bicarbonate lattice in 2.2.3. 
aligned in such a way that they lie approximately in layers that are normal to the c axis. 
The bicarbonate ions form cyclic (HCO3")2 dimers of symmetry 2，and each exocyclic 0 
atom forms four acceptor hydrogen bonds with two adjacent thiourea ribbons belonging 
to the same layer. As a consequence of this unusual type of orthogonal cross-linkage, a 
composite double layer whose thickness equals the longest dimension of the (HCO3")2 
dimer emerges as the principal component of the organized hydrogen-bonded host lattice 
(Fig. 2.2.6). 
Fig. 2.2.5 shows the crisscross arrangement of molecules and details of the 
hydrogen bonding between them. The four acceptor hydrogen bonds formed by 0(3) 
with two molecules of thiourea resemble those formed by the carbonyl 0 atom in 
crystalline urea]" and its normal inclusion compounds.^^^ In the present structure the 
four N-H...0 hydrogen bonds have an average bond length of about 3.01 Aand are 
approximately coplanar; the angles between them are: N(l)...0(3)...N(2) = 43.7， 
N(2)...0(3)...N(4) = 116.5, N(3)…0(3)…N(4) = 43.4，and N(l)...0(3)...N(3) = 126.4。， 
respectively, with a sum of 330.0° .The values of the torsion angles between the bridging 
bicarbonate dimer and thiourea ribbons, C(3)-0(3)...N(1)-C(1) = -91.7 and 
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C(3)-0(3)...N(3)-C(2) = 80.7, clearly show their nearly orthogonal relationship in the 
construction of the double layer. 
" ^ ^ ^ = ^ ^ ^ ¾ - ^ ^ = ^ ½ ^ = ¾ -
减-、-'"—冬::::产<--. ^ 、 ' 義 : : : 安 : 武 - . 
1 ^ ^ ^ ^ V > ^ V 
w - - � � w ， ¥ -� w -'丄-、《^-:个¥ ) 
^ ^ - ^ ^ ^ ^ ^ p ^ - ^ ^ ^ 
r- 八、、、:,-:秦、丫| - � f ' - 爲 ’ 少 、 、 " - ^ ¢ ^ ^ ¢ ^ ^ 
-v^ -^ "% -^ r^^ ->*-^ :¾¾-, :¾^ - f c ^ ^ = ^ f c ^ ^ - y ^ ^ ^ & ^ = r ^ ^ 
Fig. 2.2.6. Stereodrawing of the crystal structure of 2.2.3 showing the double layers and the two 
different types of enclosed cations. The origin of the unit cell lies at the upper left 
comer, with a with a towards the reader, b from right to left, and c downwards. 
Broken lines represent hydrogen bonds. 
Both well-ordered tetrapropylammonium cations in the asymmetric unit occupy 
special positions of site symmetry 2: atoms N(5) and N(6) are situated at WyckofF 
positions 4(办）at (½ y, V^  and 4(a) at (x, 0，0)，respectively. Fig. 2.2.6 shows a 
honeycomb-like double layer at z = %with large octagonal windows and (n'C2ilj)4N(5y 
cations trapped within it. When the crystal structure of 2 is viewed parallel to the a axis 
(Fig. 2.2.6), the (n-C2iij)4l<i(6y cations are seen to be concentrated about the (002) 
planes and sandwiched between adjacent double layers. 
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Table 2.2.3. Selected bond distances (为，bond angles (。）and torsion angles (。）in the 
thiourea-bicarbonate systems* 
(w-C3H7)4N*HC03 -2CS(NH2)2 (2.2.3) 
(i) Thiourea and bicarbonate molecules 
S(l)-C(l) 1.721(5) C(l)-N(l) 1.304(6) 
C(l)-N(2) 1.314(7) S(2)-C(2) 1.696(5) 
C(2)-N(3) 1.307(7) C(2)-N(4) 1.306(7) 
C(3)-0(1) 1.254(7) C(3)-0(2) 1.260(6) 
C(3)-0(3) 1.231(7) 
S(l)-C(l)-N(l) 121.1(4) S(l)-C(l)-N(2) 120.1(4) 
N(l)-C(l)-N(2) 118.7(4) S(2)-C(2)-N(3) 123.0(4) 
S(2)-C(2)-N(4) 120.8(4) N(3)-C(2)-N(4) 116.3(5) 
0(l)-C(3)-0(2) 115.7(5) 0(l)-C(3)-0(3) 119.8(5) 
0(2)-C(3)-0(3) 124.5(5) 
(ii) Hydrogen bonding 
N(l)...S(ld) 3.354 >4(1)吣5(25) 3.522 
N(4)...S(lc) 3.322 N(2)...S(2a) 3.540 
N(l)...0(3) 2.957 N(2)...0(3) 3.083 
N(3)...0(3) 2.900 N(4)...0(3) 3.081 
091)...0(le) 2.543 0(2)...092e) 2.556 
C(2)-N(3)...S(ld) 128.8 C(2)-N(3)〜0(3) 104.5 
S(ld)...N(3)...0(3) 126.7 C(l)-N(l)...S(2b) 121.8 
C(l)•N(l)…0(3) 101.6 S(2b)...N(l)〜0(3) 125.8 
C(l)-N(2)...0(3) 95.4 C(l)-N(2)...S(2c) 126.4 
0(3)...N(2)...S(2c) 136.1 C(2)-N(4)〜0(3) 95.8 
C(2)-N(4)...S(le) 129.0 0(3)...N(4)...S(le) 135.1 
C(3)-0(3)...N(1) 106.7 C(3)-0(3)...N(2) 100.4 
C(3)-0(3)."N(3) 113.2 C(3)-0(3)...N(4) 101.1 
N(l)...0(3)...N(3) 126.4 N(l)...0(3)...N(4) 148.2 
N(2)...0(3)...N(3) 142.8 N(2)...0(3)...N(4) 116.5 
N(3). . .0(3)�N(4) 43.4 
C(l)-N(l)...S(2b)-C(2b) 64.6 C(2)-N(2)...S(ld)-C(ld) -46.1 
C(l)-N(2)...S(2a)-C(2a) -47.3 C(2)-N(4)...S(lc)-C(lc) 48.4 
*Symmetry transformations: 
a (0.5+x, -0.5+乂 z); b (-0.5+x, -0.5+乂 z); c (0.5+x, 0.5+y, z); 
d (-0.5+x, 0.5+>；, z); e (-x, y , 1.5-z) 
Standard deviations in hydrogen bond lengths and bond angles: 
a (/) « 0.009 A, a (0) « 0.6 ° 
Crystal Structure of (w-C4H9)4N+HCCV3O^2)2CS (2.2.4) 
Fig. 2.2.7 illustrates the atom labeling and the hydrogen-bonding interactions 
among the thiourea molecules and the dimeric bicarbonate ions. The three independent 
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i 
j 
thiourea molecules in 2.2.4 are alternately connected by pairs ofN-H...S hydrogen bonds 
to form a zigzag ribbon which, unlike those in 2.2.2 and 2.2.3, has a highly twisted shape 
as shown by the torsion angles C(2f)-N(3f)...S(l)-C(l) = 52.6, C(l)-N(2)...S(3)-C(3)= 
42.8 and C(3)-N(6)...S(2)-C(2) = 83.1� . A pair oftwisted ribbons, lying side by side and 
extending in the [110] direction, are linked by lateral N-H. ..S hydrogen bonds to form a 
puckered double ribbon. As shown in Fig. 2.2.7, the twisted configuration of the 
0(2a) ^ ( 2 h l 
I ^ T ' C^h' 
i ���� V^ 0(1) i \ � # i g | 013¾'^ ' 
0(3g)^^(4g) 丨�0l2> 
S,,cl o ^ 。 ( ^ ? ) > 6 > j j ^ 5 > s(i| 2N(3f) 
r ' ^ g ^ : ^ ^ ^ ^ � � T ' ' ' ^ ^ " ^ ^ ^ , ’ I 2 , z , � � � ^ ^ ^ ^ ! ^ ^ , � � ^2ci j^fec) \ / ^jk2i yfiriI �� ^ h 0 i 5 \ 0 o 
\ > | ^ ' A ^ 2 b ) / 、、 N I 1 ^ J u , 2 e ) 
婆:5>;厂^>|^、、、；< i | 2 ' , ' " ^ ^ ^ 
N^^S^^^ — l � c . a X " 3 > ^ ^ ―丄 
N ' ^ ^b) -^^^;^>f, N,3>0-" Z 
Fig. 2.2.7. Perspective view of a thiourea double ribbon linked to bicarbonate dimers in 
2.2.4. 
thiourea ribbon facilitates the formation of inter-ribbon hydrogen bonds arranged about 
a row ofinversion centers; one of the independent thiourea molecules is only involved in 
construction of the double ribbon, whereas the other two also partake in donor hydrogen 
bonding with the centrosymmetric bicarbonate dimers. Cross-linkage of the double 
ribbons by (HCO3")2 units generates a three-dimensional host lattice with two open 
channel systems running parallel to the [100] and [111] directions, as illustrated in Fig. 
2.2.8 and 2.2.9, respectively. In the present host lattice atoms S(2) and S(3) each forms 
acceptor H-N. . .S hydrogen bonds with three different neighboring molecules of thiourea, 
but atom S(1) is linked with two neighboring molecules only. Within a double ribbon, all 
hydrogen bonds involving the same S atom are comparable in length. 
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Fig. 2.2..8. Stereodrawing of the crystal structure of 2.2.4 showing the thiourea double 
ribbons running parallel to the [110] direction and their linkage by bridging 
bicarbonate dimers to form channels extending parallel to the a axis. For clarity 
the enclosed (A7-C4H9)4N^  ions are represented by larger dotted circles. 
Considering S(3) as an example, N(2)...S(3) = 3.450, N(2b)."S(3) = 3.481 and 
N(4)...S(3) = 3.685 A but one of the bond angles is markedly larger than the others: 
Np)�M3). . .N(4) = 160.0。，but N(2)...S(3)...N(2b) =87.1 and N(2b)...S(3)...N(4)= 
82.4°. For atoms S(2) and S(1), the largest angle between two hydrogen bonds is 
N(lc)...S(2)...N(6) = 170.0 and N(3f)...S(l)...N(5) = 157.2。，respectively. Each 
bicarbonate dimer is consolidated by a pair of intramolecular hydrogen bonds, and there 
are four additional hydrogen bonds between this cyclic dianion and two neighboring 
thiourea molecules. 
The stacked columns of ordered tetrahedral (A2-C4H9)4N+ cations are arranged in 
a single column within each channel parallel to the [111] direction, but in two parallel 
columns within each channel along the [100] direction such that two successive 
(w-C4H9)4N+ cations in the same column are partitioned by a double ribbon. 
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Fig. 2.2,9. Stereodrawing of the crystal structure 2.2.4 showing the channels extending 
parallel to the [111] direction and the enclosed cations (as larger dotted circles). 
Table 2.2.4. Selected bond distances 0 ^ bond angles (°) and torsion angles (°) in the 
thiourea-bicarbonate systems* 
(w-C4H9>4N^C03 - 3CS(NH2)2 (2.2.4) 
(i) Thiourea and bicarbonate molecules 
S(l)-C(l) 1.702(2) C(l)-N(l) 1.330(2) 
C(l)-N(2) 1.327(3) S(2)-C(2) 1.712(2) 
C(2)-N(3) 1.324(2) C(2)-N(4) 1.332(3) 
S(3)-C(3) 1.704(3) C(3)-N(5) 1.323(3) 
C(3)-N(6) 1.318(3) C(4)-0(1) 1.258(3) 
C(4)-0(2) 1.234(2) C(4)-0(3) 1.331(3) 
S(l)-C(l)-N(l) 121.2(2) S(l)-C(l)-N(2) 121.6(1) 
N(l)-C(l)-N(2) 117.2(2) S(2)-C(2)-N(3) 121.3(2) 
S(2)-C(2)-N(4) 120.9(1) N(3)-C(2)-N(4) 117.8(2) 
S(3)-C(3)-N(5) 121.9(2) S(3)-C(3)-N(6) 120.9(2) 
N(5)-C(3)-N(6) 117.2(2) 0(l)-C(4)-0(2) 125.8(2) 
0(l)-CX4)-0(3) 117.1(2) 0(2)-CX4)-0(3) 117.1(2) 
(ii) Hydrogen bonding 
N ( 3 f ) � S ( l ) 3.525 N(5)�S(1) 3.511 
N(lb)...S(2) 3.495 N(lc)...S(2) 3.447 
N(6)...S(2) 3.398 N(2)—S(3) 3.450 
N(2b)...S(3) 3.481 N(4)...S(3) 3.685 
N(3)...0(1) 2.851 N(4)...0(2g) 2.933 
N(5)...0(2) 3.080 N(6)...0(3) 3.077 
0(3)...0(lh) 2.649 
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Table 2,2,4 (continued) 
N(3f)...S(l)...N(5) 157.2 N(lb)...S(2)-C(2) 97.2 
N(lc)...S(2)-C(2) 93.6 N(6)...S(2)-C(2) 91.6 
N(lb)."S(2)...N(lc) 78.2 N(lc)."S(2)...N(6) 170.0 
N(2)...S(3)...N(2b) 87.1 N(2b)...S(3)...N(4) 82.4 
N(4)...S(3)...N(2) 160.0 S(lc)...N(3)...0(lg) 120.3 
8(35)丨>4(4)...0(2呂） 128.6 8(1)...>^ (5)一0(2) 129.7 
S(2)...N(6)...0(3) 117.7 C^4)-0(l)...0(3h) 129.5 
€(1(0部。)吣5(2)-〇(2) 59.2 C(2)-N(4)...S(3)-C(3) 50.6 
C(3)-N(5)...S(1)-C(1) 42.7 
*Symmetry transformations: 
a {'X, -y, -z); b (l-x, 1-少，l--z); c (-l+x, -l+y, z); 
d (-X，->^  l-z); e (2-x, 2-y, l -z ) ; f (1+x, 1+乂 z); 
g(-l+x,>;,z); h (l-x, -y, -z) 
Standard deviations in hydrogen bond lengths and bond angles: 
a (0 » 0.005 A, a (0) « 0.4。 
General Structural Features 
The close structural relationship between the host framework of2.2.4 and that of 
the well-established thiourea channel adducts^^ '^^ ^^ can be appreciated by comparing Fig. 
2.2.9 with Fig. 2.2.10. It is noted that three double ribbons of the type found in 
compound 2.2.4 (Fig. 2.2.7) constitute the cylindrical wall of an open channel in a 
thiourea inclusion complex, whose channel system (Fig. 2.2.10) is closely matched by a 
similar one (Fig. 2.2.9) in the host framework of 2.2.4. 
It is interesting to note that the C-0 bond distances in the bicarbonate anions 
differ from each other in the present inclusion compounds. In the centrosymmetric cyclic 
bicarbonate dimers of2.2.2 and 2.2.4, in which the hydrogen bonds link two different 0 
atoms of each anion, the observed C(2)-0(3) bond lengths of 1.316 and 1.33lAare 
shorter than the single bond value of 1.43Afound in parafFinic alcohols,^ ^^ and the 
correspond lengths ofl .266 and L25SA for C(2)-0(1) are longer than the third C -0 
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Fig. 2.2.10. Stereodrawing showing the pseudo-hexagonal (R3) host structure of a typical 
thiourea inclusion compound. This plot was made with ctystallographic data 
for the chlorocyclohexane/thiourea inclusion system given in reference 110. 
bond (1.226 and 1.234Afor 2.2.2 and 2.2.4, respectively). The 0(1) atom forms a strong 
acceptor hydrogen bond with 0(3) so that the C(2)-0(3) bond corresponds to about 
14% double bond character and the C(2)-0(1) bond to about 48% double bond 
character.2i7 But in crystal 2.2.3, the bicarbonate dimer has site symmetry 2, and the 
intramolecular hydrogen bonds ofthe type 0 ( l ) . . .0 ( le) and 0(2)...0(2e) are symmetric 
and virtually equal in length. The bonds C(3)-0(1) = 1.254 and C(3)-0(2) = 1.260A 
would be predicted to have 50% double bond character，both being significantly longer 
than C(3)-0(3) = 1.23lA It is similar to the structure of potassium bicarbonate^^ in 
which the bicarbonate ions form hydrogen bonded dimers and both oxygen atoms 
involved in hydrogen bonding have similar carbon-oxygen bond distances, namely 1.32 
and 1.33A, and the third carbon-oxygen distance is shorter at 1.2SA. 
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2.2.3 Hydrogen-Bonded Host Lattices Built of Thiourea and Nitrate Ions 
Crystal Structure of (C2H5)4N+NCV3O^2)2CS (2.2.5) 
A stereoview of the crystal structure of 2.2.5 along the [110] direction is presented 
in Fig 2.2.11. The thiourea molecules and nitrate ions are arranged in a 3:1 ratio to built 
a channel-like host lattice, and the tetraethylammonium cations are accommodated in a 
single column within each channel. The thiourea-anion lattice comprises parallel undulate 
layers connected by hydrogen bonds between some molecules which are oriented almost 
perpendicular to the layers and the molecules which have a same environment in 
neighboring layer. The layer structure may be conveniently described with reference to 
the hydrogen bonding scheme shown in Fig. 2.2.12 and Table 2.2,5. 
^ 1 ¾ ^ ^ ¾ ¾ 
_ _ 
\ m 驗 
Fig. 2.2.11. Stereodrawing of the crystal structure of 2.2.5 showing the channels extending 
parallel to the [TlO] direction and the enclosed cations. Broken lines represent 
hydrogen bonds, and atom types are distinguished by size and shading. 
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Fig. 2.2.12 The hydrogen-bonding scheme in the thiourea-anion host lattice of complex 
(2.2.5). The thermal ellipsoids are drawn at the 35% probability level. 
Broken lines represent hydrogen bonds. 
As shown in Fig. 2.2.11, the channel is made up by highly undulate layers 
whose mean planes are positioned at z = 1/4 and 3/4. Each layer possesses two 
analogous types of infinite chains running through the structure in the [110] direction, 
one being generated by thiourea molecules C(1) [composed of atoms C(1), S(1), N(1) 
and N(2), and hereafter conveniently referred to as C(1)], C(2), C(3) with a nitrate anion 
N(15) [composed ofatoms N(15), 0(1)，0(2)，0(3)] and the other by C(4), C(5), C(6) 
together with another nitrate anion N(16) (Fig. 2.2.12). In each chain three independent 
thiourea molecules, connected sequentially in the order described, constitute a trimeric 
unit of which the terminal molecules, C(1) and C(3) or C(4) and C(6), are essentially 
coplanar, as the dihedral angle between the plane of molecule C(1) and the plane of 
molecule C(3) is 6.4。，and the relevant dihedral angle between molecules C(4) and C(6) 
is 6.1°. However, the middle thiourea molecule of each trimer is inclined with respect to 
the main plane of the chain: the dihedral angles between pairs of thiourea molecules in 
the sequence C(1), C(2), C(3) are 42.7° and 46.9°，and the corresponding dihedral 
angles for C(4), C(5), C(6) are 70.1�and 68.7°, respectively. The alternate arrangement 
of nitrate anions and thiourea trimers are consolidated by O...H-N hydrogen bonds to 
form a highly twisted chain, as shown by the torsion angles C( 1 )-N( 1)... 0(2)-N( 15)= 
-63.5，C(3)-N(5)...0(lg)-N(15g) = -60.2，C(4)-N(8)�0(6)-N(16) = -54.4，C(6)-
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N( 11)...0(6e)-N( 16e) = 56.5°. The two types of twisted chains, lying side by side in an 
alternate arrangement and extending in the [TlO] direction, are linked by lateral 
‘chelating，N-H...0 and N-H...S hydrogen bonds to form a puckered layer, as shown in 
Fig. 2.2.12. Finally, a channel framework is generated by N-H."0 and N-H...S hydrogen 
bonds involving those thiourea molecules and nitrate anions that tilt out of the mean 
plane of each individual layer. 
Table 2.2.5. Selected bond distances (A), bond angles (°) and torsion angles 0 in the 
thiourea anionic systems* 
(C2H5)4N^O3 3(NH2)2CS (2.2.5) 
(i) Thiourea and nitrate molecules 
S(l)-C(l) 1.693(3) C(l)-N(l) 1.331(3) 
C(l)-N(2) 1.341(4) S(2)-C(2) 1.707(3) 
C(2)-N(3) 1.326(4) C(2)-N(4) 1.327(3) 
S(3)-C(3) 1.697(3) C(3)-N(5) 1.341(4) 
C(3)-N(6) 1.325(3) S(4)-C(4) 1.703(2) 
C(4)-N(7) 1.330(3) C(4)-N(8) 1.338(3) 
S(5)-C(5) 1,704(3) C(5)-N(9) 1.330(3) 
C(5)-N(10) 1.332(2) S(6)-C(6) 1.709(3) 
C(6)-N(11) 1.321(3) C(6)-N(12) 1.339(3) 
N(15)-0(1) 1.240(3) N(15)-0(2) 1.243(3) 
N(15)-0(3) 1.257(4) N(16)-0(4) 1.207(3) 
N(16)-0(5) 1.221(3) N(16)-0(6) 1.272(4) 
S(l)-C(l)-N(l) 121.6(2) S(l)-C(l)-N(2) 121.1(2) 
N(l)-C(l)-N(2) 117.3(3) S(2)-C(2)-N(3) 120.6(2) 
S(2)-C(2)-N(4) 120.6(2) N(3)-C(2)-N(4) 118.7(2) 
S(3)-C(3)-N(5) 120.8(2) S(3)-C(3)-N(6) 122.2(3) 
N(5)-C(3)-N(6) 117.1(3) SW-CX4)-N(7) 121.7(2) 
S(4)-C(4)-N(8) 120.4(2) N(7)-C(4)-N(8) 117.9(2) 
S(5)-C(5)-N(9) 121.3(1) S(5)-C(5)-N(10) 120.9(2) 
N(9)-C(5)-N(10) 117.8(2) S(6)-C(6)-N(11) 120.8(2) 
S(6)-C(6)-N(12) 120.9(2) N(ll)-C(6)-N(12) 118.3(2) 
0(l)-N(15)-0(2) 121.4(3) 0(l)-N(15)-0(3) 119.4(2) 
0(2)-N(15)-0(3) 119.2(2) 0(4)-N(16)-0(5) 122.4(3) 
0(4)-N(16)-0(6) 120.0(3) 0(5)-N(16)-0(6) 117.6(2) 
(ii) Hydrogen bonding 
N(3)...S(1) 3.449 N(3f)..S(l) 3.496 
N(2)...S(2) 3.405 N(6)...S(2) 3.408 
N(7)...S(2) 3.410 N(8)—S(2) 3.414 
N(4)...S(3) 3.437 N(l)...S(4d) 3.470 
N(9)...S(4) 3.433 N(2c)�S(4) 3.419 
N(7)...S(5) 3.441 N(10)...S(6) 3.448 
N(12)...S(5) 3.518 N(5h)...S(6) 3.490 
N(6h)...S(6) 3.418 N(5e)...0(l) 3.112 
N(l)...0(2) 3.090 N(40...O(3) 2.994 
N(ll)...0(3) 3.089 N(12)...0(3) 2.982 
N(8)...0(6) 2.950 N(9b)...0(6) 3.122 
N(llg)...0(6) 2.975 
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Table 2,2.5. (continued) 
C(l)-N(l)...S(4d) 1 ^ C(l)-N(l)...0(2) 110.4 
C(l)-N(2)...S(4d) 103.1 S(2)...N(2)...S(4d) 136.4 
C(2)-N(3)...S(1) 120.2 C(2)-N(3)...S(lf) 157.5 
S(l)...N(3)...S(lf) 81.8 C(2)-N(4)...0(3f) 100.5 
C(2)-N(4)...S(3) 118.2 0(3f)〜N(4)...S(3) 136.1 
C(3)-N(5)...S(6a) 100.1 C(3)-N(5)...0(lg) 112.1 
S(6a)...N(5)...0(lg) 145.9 C(3)-N(6)...S(2) 115.6 
C(3)-N(6)...S(6a) 103.9 S(2)...N(6)...S(6a) 131.1 
C(4)-N(7)...S(2) 100.8 Q4)-N(7)...W5) 117.6 
S(2)...N(7)...S(5) 140.8 C(4)-N(8)...S(2) 100.4 
C(4)-N(8)...0(6) 113.3 S(2)...N(8)...0(6) 143.6 
C(5)-N(9)...S(4) 118.0 C(5)-N(^..0(6b) 99.8 
S(4)...N(9)...0(6b) 136.3 C(5)-N(10)...S(6) 118.7 
C(5)-N(10)...S(6j) 160.6 S(6)...N(10)...S(6j) 80.7 
C(6)-N(ll)...0(3) 96.2 C(6)-N(ll)...0(6e) 112.2 
0(3)...N(ll)...0(6e) 150.8 C(6)-N(12)...0(3) 100.7 
C(6)-N(12)...S(5) 116.8 0(3)...N(12)mS(5) 139.9 
N(15)-0(l)...N(5e) 95.2 N(15)-0(2)...N(1) 94.5 
N(15)-0(3)...N(4f) 107.8 N(15)-0(3)...N(11) 105.4 
N(15)-0(3)...N(12) 109.6 N(4f)...0(3)...N(ll) 124.6 
N(4f)...0(3)...N(12) 142.5 N(ll)...0(3)...N(12) 44.1 
N(16)-0(6)...N(9b) 103.5 N(16)-0(6)...N(8) 108.5 
N(16)-0(6)...N(llg) 107.8 N(9b)...0(6)...N(8) 93.5 
N(9b)...0(6)...N(llg) 129.8 N(8)...0(6)...N(llg) 111.9 
N(3)...S(1)-C(1) 110.2 N(3f)...S(l)-C(l) 131.5 
N(3)...S(l)...N(3f) 98.2 N(2)...S(2)-C(2) 110.6 
N(6)...S(2)-C(2) 104.0 N(2)—S(2)...N(6) 109.7 
N(7)...S(2)-C(2) 93.7 N(8)...S(2)-C(2) 93.8 
N(7)...S(2)...N(8) 39.1 N(4)...S(3)-C(3) 105.9 
N(li)...SW-C(4) 97.4 N(2c)...S(4)-C(4) 110.5 
N(9)...S(4)-C(4) 93.1 N(li)...S(4)...N(2c) 38.7 
N(li)...S(4)...N(9) 96.0 N(2c)...S(4)...N(9) 129.2 
N(7)...S(5)-C(5) 93.3 N(10)...S(6)-C(6) 97.2 
N(5h)-S(6)-C(6) 108.9 N(6h)...S(6)-C(6) 105.3 
N(10)...S(6)...N(5h) 86.0 N(5h)...S(6)...N(6h) 38.4 
N(10)...S(6)...N(6h) 124.1 
C(2)-N(5)...S(1)-C(1) -34.6 CXl)-N(20)...S(2)-C2) -37.4 
C(3)-N(6)...S(2)-C(2) 69.6 C(4)-N(7)...S(2)-C(2) -99.0 
C(4)-N(8)...S(2)-C(2) 98.8 C(2)-N(4)...S(3)-C(3) 50.0 
C(3)-N(5)...0(lg)-N(15g) 40.2 C(5)-N(9)...S(4)-C(4) -75.7 
C(6)-N(12)...S(5)-C(5) 74.3 CX4)-N(7)...S(5)-C(5) -74.6 
C(5)-N(10)...S(6)-C(6) 68.8 CXl)-N(l)—0(2)-N(15) -63.5 
C(6)-N(ll)...0(3)-N(15) 106.9 C(6)-N(12)...0(3)-N(15) -96.6 
C(4)-N(8)...0(6)-N(16) - J ^ 
*Symmetry transformations: 
a (x, l+y, z); b (-x, l-y, l-z); c (-l+x, y, z); 
d (l+x, y, z); e (l+x, -l+y, z); f (l-x, l-y, -z); 
g (-l+x, l+y, z); h (X, -l+y, z); j (l-x, -y, l-z) Standard deviations in hydrogen bond lengths and bond angles: 
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In the present host lattice the sulfur atoms form different numbers of acceptor 
N-H...S hydrogen bonds: S(3) forms only one, S(1) and S(5) each forms two, S(4) and 
S(6) each has three, whereas S(2) has four, two of which being formed with adjacent 
molecules in the same chain and the other two with a single molecule in the neighboring 
chain. The lengths of all these hydrogen bonds are close to the expected value of about 
3.43lA except that three are significantly longer at N(5h)...S(6) = 3.490，N(3f)�S(l)= 
3.496 and N(12)...S(5) = 3.51SA. 
The tetrahedral (C2H5)4N+ cations are well ordered and nearly attains its 
idealized 222 molecular symmetry. Its averaged dimensions are N-C = 1.515(4), C-C = 
1.522(5) A C-N-C = 109.5(2)，and N-C-C = 114.9(3)。for cation N(13); N-C = 
1.520(4), C-C = 1.511(5) A C-N-C = 109.5(2)，and N-C-C = 115.5(2) Afor cation 
N(14), respectively. Individual bond distances and angles are given in the 
Supplementary Data. In the stereoview of the crystal structure illustrated in Fig. 2.2.11, 
the stacked columns of cations within each channel at z = 1/2 are formed by cations 
N(13), and those at z = 0 are formed by cations N(14), respectively . 
Crystal Structure of(w-C3H7)4N+NO3�30SfH2)2CS.H2O (2.2.6) 
As shown in Fig. 2.2.13, the crystal structure of compound 2.2.6 also features 
one-dimensional channels that extend parallel to the a axial direction. This channel 
framework is built up by two types of layers interlinked by N-H...O(nitrate) 
hydrogenbonds. One layer is composed of thiourea molecules C(1) and C(2), which are 
alternately linked by pairs ofN-H...S hydrogen bonds in a shoulder-to-shoulder fashion 
to form zigzag, puckered ribbons running parallel to the a axis. The relevant torsion 
angles in each thiourea ribbon are: C(l)-N(l)...S(2g)-C(2g) = 61.4, C(l)-N(2)...S(2a)-
C(2a) = -55.1, C(2)-N(3)...S(ld)-C(ld) = 56.0，and C(2)-N(4)...S(lc)-C(lc) = -58.2°, 
so that each S atom forms two acceptor hydrogen bonds with its neighbors. With these 
ribbons arranged side by side, half of the thiourea molecules [molecule C(2) and its 
symmetry equivalents] may be considered to constitute a main plane, and atom S(1) of 
molecule C(1) form an acceptor hydrogen bond with atom N(4) of molecule C(2) 
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Fig. 2.2.13. Stereodrawing of the ctystal structure of 2.2.6, The origin of the unit cell lies at 
the upper right comer, with a towards the reader, b pointing from right to left and 
c downwards. For clarity the enclosed (w-C3H7)4N^ ions are represented by large 
dotted circles 
belonging to an adjacent ribbon to yield a puckered layer that is normal to the c axis (Fig. 
2.2,14). On the other hand, oxygen atom 0(3) of the nitrate anion and the water 
molecule are involved in forming a cyclic, centrosymmetric hydrogen-bonded 
0NKV)2(H2O)2 tetramer, as shown in Fig. 2.2.15. The third thiourea molecule C(3), 
together with its centrosymmetrically related partner, are consolidated by a pair of N-
H...S hydrogen bonds to yield a cyclic dimer. These dimers link with the tetramers by N-
H...O(nitrate) hydrogen bonds to form the second type of highly puckered layer. The 
two types of layers are alternately stacked parallel to the (001) family of planes and 
further cross-linked by N-H. . .0 hydrogen bonds to generate a three-dimensional network 
containing channels that run parallel to the [100] direction. 
The stacked columns of well-ordered tetrahedral (w-C3H7)4N+ cations are 
arranged in a single column within each channel to form a typical channel-like structure. 
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Fig. 2.2.14. Hydrogen-bonded layer in 2.2.6 formed by thiourea ribbons. The thermal 
ellipsoids are drawn at the 35% probability level.. Broken lines represent 
hydrogen bonds. 
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Fig. 2.2.15. Hydrogen-bonded layer in 2.2.6 formed by the cross-linkage of thiourea dimers 
and 0^O3_)2^l2O)2 tetramers. The thermal ellipsoids are drawn at the 35% 
probability level. Broken lines represent hydrogen bonds. 
Table 2.2.6. Selected bond distances (A), bond angles (°) and torsion angles 0 in the 
thiourea anionic systems* 
(w-C3H7)4N^O33(NH2)2CSH2O(2.2.6) 
(i) Thiourea and nitrate molecules 
S(l)-C(l) 1.703(4) C(l)-N(l) 1.325(4) 
C(l)-N(2) 1.307(5) S(2)-C(2) 1.694(4) 
C(2)-N(3) 1.321(4) C(2)-N(4) 1.311(4) 
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Table 2.2.6, (continued) 
S(3)-C(3) 1.672(4) C(3)-N(5) 1.315(5) 
C(3)-N(6) 1.329(5) N(7)-0(1) 1.235(5) 
N(7)-0(2) 1.226(4) N(7)-0(3) 1.230(5) 
S(l)-C(l)-N(l) 120.4(3) S(l)-C(l)-N(2) 121.8(3) 
N(l)-C(l)-N(2) 117.8(3) S(2)-C(2)-N(3) 121.6(3) 
S(2)-C(2)-N(4) 121.2(3) N(3)-C(2)-N(4) 117.2(3) 
S(3)-C(3)-N(5) 122.4(3) S(3)-C(3)-N(6) 121.3(3) 
N(5)-C(3)-N(6) 116.2(3) 0(l)-N(7)-0(2) 121.6(3) 
0(l)-N(7)-0(3) 119.0(3) 0(2)-N(7)-0(3) 119.4(3) 
(ii) Hydrogen bonding 
N(4)...S(1) 3.370 N(3g)...S(l) 3.442 
N(4a)...S(l) 3.451 N(ld)...S(2) 3.443 
N(2c)...S(2) 3.513 N(5i)...S(3) 3.455 
N(2)...0(1) 2.912 N(6)...0(1) 2.962 
N(l)...0(2) 2.901 0(lW)...0(3) 2.927 
0(lW)...0(3b) 3.063 N(5h)...0(lW) 3.021 
N(6h)...0(lW) 2.914 
N(3g)...S(l)-C(l) 104.2 N(4)...S(1)-C(1) 76.9 
N(4a)...S(l)-C(l) 99.6 N(3g)...S(l)...N(4a) 127.6 
N(4a)...S(l)...N(4) 106.9 N(ld)...S(2)-C(2) 102.8 
N(2c)-S(2)-C(2) 99.2 N(ld)...S(2)...N(2c) 125.4 
N(5i)...S(3)-C(3) 111.0 C(l)-N(l)...S(2g) 120.3 
C(l)-N(l)...0(2) 122.7 C(l)-N(2)...S(2a) 124.2 
0(2)...N(l)...S(2g) 116.6 0(l)...N(2)...S(2a) 118.8 
C(l)-N(2)...0(l) 117.0 C(2)-N(3)...S(ld) 119.9 
C(2)-^"S(1) 94.7 C(2)-N(4)."S(1) 111.2 
S(l)...N(3)...S(ld) 144.3 S(l)...N(4)...S(lc) 121.7 
C(2)-N(4)...S(lc) 125.5 C(3)-N(5)...0(lWk) 97.8 
C(3)-N(5)...S(3i) 126.5 C(3)-N(6)...0(1) 123.5 
S(3i)...N(5)...0(lWk) 136.3 0(l)...N(6)...0(lWk) 134.6 
C(3)-N(6)...0(lWk) 101.8 N(6)...0(l)-N(7) 110.3 
N(2)...0(l)-N(7) 120.6 N(l)...0(2)-N(7) 115.0 
N(2)...0(l)...N(6) 127.8 0(lWb)...0(3)-N(7) 142.5 
0(lW)...0(3)-N(7) 104.4 0(lW)...0(3)...0(lWb) 106.2 
C(l)-N(l)...S(2g)-C(2g) 61.4 C(l)-N(2)...0(l)-N(7) 9.5 
C(l)-N(2)...S(2a)-C(2a) -55.1 C(2)-N(3)...S(ld)-C(ld) 56.0 
C(2)-N(4)...S(1)-C(1) -85.8 C(2)-N(4)...S(lc)-C(lc) -58.2 
C(3)-N(5)...S(3i)-C(3i) -5.2 C(3)-N(6)...0(l)-N(7) -64.7 
0(3)...0(lW)...N(6h)-C(3h) -69.7 0(3)...0(lWX..N(5h)-C(3h) 127.7 
C(l)-N(l)...0(2)-N(7) A ^ 
*Symmetry transformations: 
a (0.5-x, -0.5+y, 0.5-z); b (1-x, l-y, -z); c (0.5-x, 0.5+y, 0.5-z); 
d (1.5-x, 0.5+y, 0.5-z); e (-0.5+x, 1.5-y, -0.5+z); f(0.5+x, 1.5-y, -0.5+z); 
g (1.5-x, -0.5+y, 0.5-z); h (l+x, y, z); i (-x, 2-y, -z); 
j (1-x, 2-y, -z); k (-l+x, y, z); 1 (2-x, 2-y, -z) Standard deviations in hydrogen bond lengths and bond angles: 
a (0 » 0.006 A, a (0) « 0.4 ° 
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Crystal Structures of (CH3)4N+NO3_.0S[H2)2CS (2.2.7), (w-C3H7)4N+N03-.(NH2)2CS 
(2.2.8) and (w-CqH^XjN+NCV.—jjzCS (2.2.9) 
The compounds 2.2.7, 2.2.8 and 2.2.9 have essentially the same type of crystal 
structure as illustrated in Fig. 2.2.16, 2.2.17 and 2.2.18, respectively, although they 
belong to different space groups. The thiourea molecules are linked by N-H...S 
hydrogen bonds in the usual shoulder-to-shoulder manner to form a zigzag ribbon 
running parallel to the b axis in 2.2.7, the a axis in 2.2.8 or the c axis in 2,2.9. The 
ribbon is essentially planar in 2.2.8 and 2.2.9, as can be assessed by the relevant torsion 
angles: C(l)-N(l)...S(la)-C(la) = -1.9, C(l)-N(2)...S(lb)-C(lb) = - 2 . 3 � f o r 2.2.8, and 
the corresponding values for 2.2.9 are -5.8 and 10.6°. However, in structure 2.2.7 the 
ribbon is rather more undulatory, as can be verified by the value of the torsion angle 
between two adjacent thiourea molecules, C(l)-N(l)."S(lb)-C(lb) = 20.9� . Each 
thiourea molecule is further linked to a nitrate ion via two additional N-H...0 donor 
审 一 : _ ^ ^ ^ - ^ f e : ^ f ^ 
^ ± ^ \ •大+戈 
^ " ^ " t ^ " ^ � : ^ ^ : : ' � : 4 ^ 
子、全+ '於 义長子务 
^ y : ^ z g ^ r i i ^ 0.^1^¾^¾¾^ 
Fig. 2.2.16. Stereodrawing of the crystal structure of (2.2.7), The origin of the unit cell lies 
at the upper left comer, with a downwards, b pointing from left to right and c 
towards the reader. Broken lines represent hydrogen bonds, and atom types 
are distinguished by size and shading. 95 
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^ - - . - ; ; t ^ : - - i ^p^ ^ ^、 - ^ ^；：哼― 4 ^ ^ � y y ^ ^ y ^ ^ 
<^^--^p-^5^---<^ 广共…：产…^!^ 
A ^ j ^ ^ ^ < ^ p £ ^ 4 ^ « A w 
c ^ i m ^ - : ^ m ^ ^ 4 > i ^ ^ ; ^ J ^ 
Fig. 2.2.17. Stereodrawing of the crystal structure of (2.2.8), The origin of the unit cell 
lies at the upper right comer, with a pointing from right to left, b 
downwards and c towards the reader. Broken lines represent hydrogen 
bonds，and atom types are distinguished by size and shading. 
+ ) 7 f ^ ^ ^ ^'%-^^^f^ 
^ ^ \ ^ ) ^ s 、 、 人 ^^八 
^ ^ ^ ^ p ^ ^ ½ ^ ¾ ^ 
" ^ f > v O j > ^ " " l 2 ^ ^ ^ ^ ^ ^ > ^ 
^ : ^ ^ ^ ^ - ^ - r k ^ : ^ ^ - W ^ 
L 
Fig. 2.2.18. Stereodrawing of the crystal structure of (2.2.9). The origin of the unit cell 
lies at the upper left comer, with a towards the reader, b downwards and c 
pointing from left to right. Broken lines represent hydrogen bonds, and 
atom types are distinguished by size and shading. 
hydrogen bonds that extended outward on either side of the ribbon, so that these ribbons 
can also be regarded as being constructed from a thiourea-anion dimeric building block. 
The orientation of the NCV group with respect to the thiourea ribbon can be described 96 
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by torsion angle C(l)-N(l)...0(l)-N(2) = 10.7 for 2.2.7, C(l)-N(l).. .0(l)-N(3) = -37.4 
and 13.2° for 2.2.8 and 2.2.9, respectively. 
|X 
A ^ ？^  Y-r"¥x^X 
" W ' ' ' T V ' ' 51° T T V ¾^ ¥ 
z ' “ 
Fig. 2.2.19. The zipper-like composite ribbons in 2.2.8 formed by the attachment of nitrate 
ions to both sides of each thiourea ribbon. The thermal ellipsoids are drawn at the 
35% represent hydrogen bonds. A similar ribbon exists in the crystal structures of 
2.2.7 and 2.2.9. In 2.2.7 the nitrate ion is attached to the thiourea ribbon in an 
out-of-plane fashion. 
As shown in Fig. 2.2.19, the zipper-like ribbons are aligned side by side in a 
nearly co-planar layer without any interaction between two adjacent ribbons. The 
distances between two of them are different for each structure according to the sizes of 
the cations, being 8.709 A(length of the c axis) for structure 2.2.7, 15.078 A(length of 
the c axis) for structure 2.2.8, and 19.983 A(length of the a axis) for structure 2.2.9, 
respectively. 
The tetraalkylammonium cations are well ordered and have normal dimensions, 
of which the (n-C^Hy)^^<^^ and (w_C4H9)4N+ cations nearly attain 42m (D2d) 
conformation. These cations are separated by layers of the one-dimensional infinitely 
extended thiourea-nitrate composite ribbons in a sandwich-like packing arrangement (see 
Fig. 2.2.6, Fig. 2.2.7 and Fig. 2.2.8). Although the tetrabutylammonium ion is much 
larger than the tetrapropylammonium ion, the molecular volume of the (C3H7)4N"" and 
(C4H9)4N^ being 221 and l%lR, respectively^^ '^^ ^® the separation between two ribbon 97 
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layers in 2.2.9 (pl2 = 6.359 ^ is smaller than that in structure 2.2.8 {bH = 7.211i^. This 
is caused by the different orientation of the cations with respect to the corresponding 
ribbon layers: in 2.2.9 the shortest symmetry axis of the tetrabutylammonium ion is 
almost parallel to the b axis (Fig. 2.2.18), but in 2.2.8 one pseudo C3 axis of the 
tetrapropylammonium ion is aligned in the b direction so that one alkyl leg penetrates 
into an adjacent ribbon layer (Fig. 2.2.17). Interestingly, compound 2.2.7 containing the 
smallest (CH3)4N^ cation has the largest interlayer separation (a/2 = 7.860 ^ , which is 
caused by the out-of-plane attachment of the nitrate ions to the mean plane of each 
ribbon layer (Fig. 2.2.16). 
Table 2.2.7. Selected bond distances (A), bond angles (。）and torsion angles (。）in the 
thiourea anionic systems* 
(CH3)4N+ NO3 .CS(NH 2)2 (2.2.7) 
(i) Thiourea and nitrate molecules 
S(l)-C(l) 1.705(8) C(l)-N(l) 1.319(6) 
N(2)-0(1) 1.163(8) N(2)-0(2) 1.188(13) 
S(l)-C(l)-N(l) 120.6(3) N(l)-C(l)-N(la) 118.7(6) 
0(l)-N(2)-0(2) 120.1(5) 0(l)-N(2)-0(la) 119.7(10) 
(ii) Hydrogen bonding 
N(1)...0(1) 2.955 N(lb)...S(l) 3.409 
C(1)-N(1)...0(1) 117.3 C(l)-N(l)...S(lc) 123.8 
N(lb)...S(l)-C(l) 112.2 N(l)...0(l)-N(2) 117.0 
C(l)-N(l)〜0(l)-N(2) 10.7 C(lb)-N(lb)—S(l)-C(l) -20.9 
(C3H7)4N^  NO3 CSG^H 2)2 (2.2.8) 
(i) Thiourea and nitrate molecules 
S(l)-C(l) 1.696(2) C(l)-N(l) 1.327(3) 
C(l)-N(2) 1.329(3) N(3)-0(1) 1.228(3) 
N(3)-0(2) 1.237(3) N(3)-0(3) 1.233(3) 
S(l)-C(l)-N(l) 121.7(2) S(l)-C(l)-N(2) 121.9(2) 
N(l)-C(l)-N(2) 116.4(2) 0(l)-N(3)-0(2) 119.8(2) 
0(l)-N(3)-0(3) 120.7(2) 0(2)-N(3)-0(3) 119.4(2) 
(ii) Hydrogen bonding 
N(l)...S(la) 3.493 N(2)...S(lb) 3.481 
N(1)...0(1) 2.943 N(2)...0(2) 2.965 
C(l)-N(l)...S(la) 127.8 C(1)-N(1)_0(1) 117.0 
S(la)...N(l)...0(l) 113.1 C(l)-N(2)...S(lb) 127.5 
C(l)-N(2)...0(2) 117.8 S(lb)...N(2)...0(2) 114.7 
N(la)—S(l)-C(l) 110.3 N(2b)…S(l)-C(l) 110.7 
C(la)-N(la)...S(l)-C(l) -1.9 C(l)-N(2)...S(lb)-C(lb) -2.3 
匸(!^^^!)…。(!)-!^^ -37.4 C(l)-N(2)...0(2)-N(3) -44.0 
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Table 2.2,7. (continued) 
(C4H9)4N+ NO3 'CS(NH 2)2 (2.2.9) 
(i) Thiourea and nitrate molecules 
S(l)-C(l) 1.691(2) C(l)-N(l) 1.332(2) 
C(l)-N(2) 1.316(3) N(3)-0(1) 1.236(3) 
N(3)-0(2) 1.240(2) N(3)-0(3) 1.207(3) 
S(l)-C(l)-N(l) 120.8(1) S(l)-C(l)-N(2) 121.5(2) 
N(l)-C(l)-N(2) 117.7(2) 0(l)-N(3)-0(2) 118.7(2) 
0(l)-N(3)-0(3) 122.8(2) 0(2)-N(3)-0(3) 118.5(2) 
(ii) Hydrogen bonding 
N(lb)…S(l) 3.592 N(2a)...S(l) 3.691 
N(1)...0(1) 2.959 N(2)...0(2) 2.947 
C(l)-N(l)...S(la) 130.3 C(1)-N(1)...0(1) 126.0 
S(la)...N(l)...0(l) 100.0 C(l)-N(2)...S(lb) 128.2 
C(l)-N(2)...0(2) 110.3 S(2b)...N(2)...0(2) 116.2 
N(2a)...S(l)-C(l) 108.2 N(2b)...S(l)-C(l) 109.9 
N(l)...0(l)-N(3) 112.3 N(2)…0(2)-N(3) 129.6 
C(l)-N(l)...S(la)-C(la) 10.4 C(l)-N(2)...S(lb)-C(lb) -4.8 
C(l)-N(l)...0(l)-N(3) 12.1 C(l)-N(2)...0(2)-N(3) 18.8 
*Symmetry transformations: 
2.2.7 a (x, 0.5-y, z); b (l-x, 0.5+y, -z) c (l-x, -0.5+y, -z) 
2.2.8 a (-x, l-y, l-z); b (l-x, l-y, l-z) 
2.2.9 a (-x, l-y, -0.5+z); b (-x, l-y, 0.5+z) 
Standard deviations in hydrogen bond lengths and bond angles: 
2.2.7 a (0 « 0.009 A, a (6) « 0.6 °; 
2.2.8 a (0 « 0.004 人， a (0) « 0.3。； 
2.2.9 a (/) « 0.007 A， a (0) « 0.5 ° 
General Structural Features 
The present series of thiourea-quaternary ammonium nitrate complexes exhibit 
two distinctly different kinds of thiourea-anion lattices depending on the stoichiometric 
ratio of thiourea to nitrate ion. Compounds 2.2.5 and 2.2.6 (3:1) are novel channel 
inclusion compounds whereas 2.2.7, 2.2.8 and 2.2.9 (1:1) are each characterized by an 
anionic composite ribbon composed of a zigzag arrangement of thiourea molecules with 
nitrate ions attached to both sides. The channel-type host structure of 2.2.5 and 2.2.6 can 
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be compared with those of the classical thiourea inclusion compounds, in which the 
separation between the centers of two adjacent channels is about 9.3人 corresponding to 
an effective cross-sectional diameter of about 6.1 Afor the inclusion of guest molecules. 
On the other hand, the effective cross-sectional diameter of 2.2.5 is about 6.5 A and the 
cross-section of a channel in the host lattice of2.2.6 has an approximately elliptical shape 
^Fig. 2.2.13), with effective minor and major axes of 5.4/2 and 6.1/2 A respectively. The 
latter values are almost equal to the related values (5.2/2 and 6.0/2 1^  of the channel-type 
inclusion compound (w-C3H7)4N+NH2CONHCO2-.30SW2)2CO in which the cations are 
accommodated in the host lattice constructed from urea and allophanate building 
blocks.m 
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2.2.4 Hydrogen-Bonded Host Lattices Built of Thiourea and Formate Ions 
Crystal Structure of (C2H5)4^THC02 -O^2)2CS. H2O (2.2.10) and 2(C2H5)4^THC02" 
• 2 _ 2 ) 2 C S H C O 2H (2.2.11) 
Although the same molar ratio of thiourea to tetraethylammonium hydroxide 
was used in the preparation of compounds 2.2.10 and 2.2.11, which have closely related 
crystal structures in which the cations are separated by thiourea-anion puckered layers in 
a sandwich-like packing mode, distinct types of thiourea-anion layers are formed by the 
incorporation of different crystallized solvent molecules as the third component, namely 
water and formic acid for 2.2.10 and 2.2.11, respectively. 
In compound 2.2.10 the layer structure may be conveniently described with 
reference to the hydrogen bonding scheme shown in Fig. 2.2.20 and Table 2.2.8. The g|%^Y 
/ V I ^c 2^l <^/^S1 02b/ 
^ ^ ^5X 0, ' ' ' """^Y""^����^^, ^ ^ 
- . . - \ 工 . . ’ 々 1 . 。 - 人 
慕 ; W 
Fig. 2.2.20. Projection diagram showing a hydrogen-bonded layer constructed from (thiourea-
f0rmate)2 tetramers in the crystal structure of (C2H5)4NTHC02_ .CNH2)2CS.H20 
(2.2.10). Broken lines represent hydrogen bonds. 
independent thiourea molecule and formate ion in the asymmetric unit are connected by a 
pair of N-H...0 hydrogen bonds to form a cyclic dimer which, together with its 
centrosymmetrically-related partner, generate a (thi0urea-f0rmate)2 tetramer 
consolidated by a pair ofN-H...S hydrogen bonds. The moieties of this tetrameric unit 
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are almost coplanar, as can be shown by the torsion angles C(lb)-N(lb) . . .S(l)-C(l)=-
13.1，C(l)-N(l)...0(2)-C(2) = -22.0, and C(l)-N(2)...0(l)-C(2) = -18.5。，and the mean 
atomic deviation from the least-squares plane is 0.091 A Bridged alternately by donor 
0-H. . .0 hydrogen bonds from the water molecules, the tetramers form a zigzag ribbon 
running parallel to the b axis. Successive water molecules lie 0.911 Aalternately above 
and below the main plane of the ribbon. The parallel arrangement of these ribbons 
facilitates their cross-linkage by N-H...0 hydrogen bonds to generate a puckered layer 
normal to the a axis ^"ig. 2.2,20). 
The tetrahedral (C2H5)4N+ cation is well ordered and nearly attains its idealized 
222 molecular symmetry. Its averaged dimensions are N-C = 1.491(6)，C-C = 1.522(7) 
A C-N-C = 109.5(4), and N-C-C = 115.6(3)�. Individual bond distances and angles are 
given in the Supplementary Data. A perspective view of the crystal structure is 
illustrated in Fig. 2.2.21. It is seen that the cations are located in the space between the 
layers, which correspond to the (010) family of planes. 
g : ^ > z ^ ^ ^ ^ ^ ^ 5 ^ ^ ^ 
^ ^ ^ ^ ^ ^ X A > 4 ^ 
^ 4 ¾ ^ ¾ ^ 
Fig. 2.2.21. Perspective view of the layer-type crystal structure of 2.2.10. Broken lines 
represent hydrogen bonds, and atom types are distinguished by size and shading. 
In the crystal structure of 2.2.11, C-H...0 hydrogen bonds play an important 
role in the construction of a three-component anionic layer. As shown in Fig. 2.2.22, 
two independent thiourea molecules are connected by a pair of N-H...S hydrogen bonds 
to form a dimer, while a pair of formate ions are bridged by a single proton to form a 
hydrogen diformate species, [(HCO2)2H]-. The hydrogen diformate ion and a formate ion 
are furthered consolidated by a C-H...0 hydrogen bond of length 3.238 Ato generate a 
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protonated formate trimer. The middle formate moiety is steeply inclined to the plane 
containing the terminal moieties of the trimeric unit, as can be seen from the values of the 
torsion angles C(5)-0(5)...0(4)-C(4) = -60.0 and 0(5)-C(5)...0(2b)-C(3b) = 65.2°. 
The thiourea dimers and the formate trimers are alternate arranged and linked by pairs of 
N-H...0 hydrogen bonds to form a zigzag ribbon oriented parallel to the c axis. In this 
ribbon the thiourea dimer and formate moieties at both ends of the trimer are nearly 
coplanar; the relevant torsion angles are: C(2)-N(3)...S(1)-C(1) = 3.4，C(l)-N(l)...S(2)-
C(2) = -3.2’ C(2)-N(3)...0(l)-C(3) = -13.5，C(2)-N(4)...0(2)-C(3) = -21.7，C(1)-
N(l)...0(3)-C(4) = 11.4，and C(l)-N(2)...0(4)-C(4) = 10.5°, and the mean atomic 
deviation from the least-squares plane is 0.123 A With these ribbons lying side by side, 
additional N-H...0 hydrogen bonds cross-link them together to generate a puckered 
layer normal to the b axis (Fig. 2.2.22). 
x^。..，'-.《x^—_# 
> ‘ � / 
» ^ 無 ‘ > ‘ 
�� S1c ‘ �� ‘ f \ � Y ' ' ' y � 5 > 4 � : , - - J ^ � V ' V \ 、、.••、、、、式 1。"參''入、、、乂 ,(S 03c \ j> S2d \ 
03 ‘‘ \ S2 03 / ��i S?b 
' , ^ ^ 06o D2X'"'^ 2Y^^ ^^ .^ ''' C^ 06,, 0¾,^ "¾¾^ 
: ¾ ' ^ -
S1o \ / S1 � • 
\ sif • \ y T % X , ¾ ¾ : ¾ ^ - ' ¾ ^ - A l f>gy' o3fCf^  ^CTV � c ^ o| S2e |7 
Fig. 2.2.22, Hydrogen-bonded layer in 2(C2H5)4N+HCO2-.2_)2CS.HCO2H (2.2.11) 
formed by ribbons constructed from thiourea dimers and protonated formate 
trimers. Broken lines represent hydrogen bonds. 
Fig. 2.2.23 shows a perspective view of the crystal structure of 2.2.11 along the 
c axial direction. Both well-ordered tetraethylammonium cations in the asymmetric unit 
are arranged in two separate columns running parallel to the [001] direction; the columns 
oftype (C2H5)4N(5)+ are located at x = 1/4 and 3/4，and those of type (C2H5)4N(6)+ at x 
= 0 and 1/2. The parallel, alternate arrangement of these two kinds of columns 
103 
Description of Crystal Structures Chapter 2 
constitutes a cationic layer oriented parallel to the (010) family of planes and sandwiched 
between adjacent thiourea-anion layers. 
s ^ ^ j ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ p n ^ l g ^ 
, y T ^ v ^ ^ W " 
z J ^ ^ y ^ ^ : ^ ^ ^ j _ - ^ ^ 
Fig. 2.2.23. Perspective view of the layer-type ctystal structure of 2. Broken lines represent 
hydrogen bonds, and atom types are distinguished by size and shading. 
In compounds 2.2.10 and 2.2.11, the respective interlayer spacings of7.199 ( = 
a) and 7.190A( = b) are slightly smaller than the corresponding value 7.46SA( = bH) 
for tetraethylammonium cations accommodated in the layer-type thiourea-bicarbonate-
water lattice oforthorhombic (C2H5)4N+HCO3�0^2)2CS.H2O’i70 as may be expected in 
view of the better planarity of the anionic layers in the present compounds. 
Table 2.2.8. Selected bond distances ( ^ , bond angles (。) and torsion angles (。) in the thiourea-
anionic systems* 
(C2H5)4N^  HCO2- 'CSQm 2)2 . H2O (2.2.10) 
(i) Thiourea and formate molecules 
S(l)-C(l) 1.700 (5) C(l)-N(l) 1.324 (6) 
C(l)-N(2) 1.323 (6) C(2)-0(1) 1.232 (6) 
C(2)-0(2) 1.218 (6) 
S(l)-C(l)-N(l) 121.3(4) S(l)-C(l)-N(2) 121.5(3) 
N(l)-C(l)-N(2) 117.2(4) 0(l)-C(2)-0(2) 130.2(5) 
(ii) Hydrogen bonding 
N(lb)...S(l) 3.465 N(2)...0(1) 2.895 
N(l)...0(2) 2.908 0(1W)...0(1) 2.904 
N(2e)...0(2) 3.010 0(lc)...0(lW) 3.212 
N(lb)...S(l)-C(l) 110.7 N(2)...0(l)-C(2) 118.2 
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Table 2.2.8. (continued) 
N(2)...0(l)...0(lW) TlLO 0(lW)...0(l)-C(2) U ^ 
N(l)�0(2)-C(2) 110.6 N(2e)...0(2)-C(2) 108.6 
N(l)...0(2)...N(2e) 140.1 
C(lb)-N(lb)...S(l)-C(l) -13.1 C(l)-N(l)...0(2)-C(2) -22.0 
C(l)-N(2)...0(l)-C(2) -18.5 C(le)-N(2e)...0(2)-C(2) «6.3 
2(C2H5)4N^  pCO20ICO2)2Hf.2CS_)2 (2.2.11) 
(i) Thiourea and formate molecules 
S(l)-C(l) 1.696(4) C(l)-N(l) 1.315(6) 
C(l)-N(2) 1.352(5) S(2)-C(2) 1.689(4) 
C(2)-N(3) 1.296(6) C(2)-N(4) 1.325(5) 
C(3)-0(1) 1.171(5) C(3)-0(2) 1.219(7) 
C(4)-0(3) 1.228(5) C(4)-0(4) 1.212(6) 
C(5)-0(5) 1.177(5) C(5)-0(6) 1.200(3) 
S(l)-C(l)-N(l) 123.3(3) S(l)-C(l)-N(2) 120.3(3) 
N(l)-C(l)-N(2) 116.4(4) S(2)-C(2)-N(3) 121.4(3) 
S(2)-C(2)-N(4) 120.8(4) N(3)-C(2)-N(4) 117.8(4) 
0(l)-C(3)-0(2) 129.4(4) 0(3)-CX4)-0(4) 126.3(4) 
j 0(5)-C(5)-0(6) 127.6(4) :j 
(ii) Hydrogen bonding 
N(3)...S(1) 3.463 N(l)...S(2) 3.456 
N(3)...0(1) 2.998 N(4)".0(2) 2.838 
N(2fX..O(l) 2.988 C(5a)...0(2) 3.238 
N(l)...0(3) 2.944 N(2)...0(4) 2.830 
N(4d)".0(3) 3.050 0(5)."CK4) 2.504 
N(3)...S(1)-C(1) 108.3 N(l)...S(2)-C(2) 109.9 
N(3)...0(l)-C(3) 109.7 N(2f)...0(l)-C(3) 108.2 
N(4)...0(2)-C(3) 121.4 C(5a)...0(2)-C(3) 97.1 
N(4)...0(2)...C(5a) 131.4 N(l)...0(3)-C(4) 111.0 
N(4d)...0(3)-CX4) 102.1 N(l)...0(3)...N(4d) 146.9 
N(2)...0(4)-CX4) 124.3 0(5)...0(4)-C(4) 109.8 
N(2)...0(4)...0(5) 120.7 
C(l)-N(l)...S(2)-C(2) -3.2 C(2)-N(3)�S(1)-C(1) 3.4 
C(l)-N(l)...0(3)-Q4) 11.4 C(l)-N(2)...0(4)-CX4) 10.5 
C(2)-N(3)〜0(l)-C(3) -13.5 C(2)-N(4)〜0(2)-C(3) -21.7 
C(l)-N(2)—0(le)-C(3e) -11.4 C(2)-N(4)...0(3c)-C(4c) 0.3 
C(5)-0(5)...0(4)-C(4) ^ 0(5)-C(5)...0(2b)-C(3b) 65.2 
*Symmetry transformations: 
2.2.10, a (X，0.5-y, 0.5+z); b (-x, l-y, l-z); c (-x, -y, l-z); 
d (-X，0.5+y, 1.5-z); e (x, 0.5-y, -0.5+z); f (-x, l-y, l-z); 
2.2.11, a (X, y, -l+z); b (x, y, l+z); c (l-x, -y, -0.5+z); 
d (l-x, -y, 0.5+z); e (0.5-x, y, 0.5+z) f(0.5-x, y, -0.5+z); 
Standard deviations in hydrogen bond lengths and bond angles: 
2.2.10, a (0 « 0.006 A, a {0) « 0.4。； 
2.2.11, a (0 « 0.006 A, cr {0) « 0.3 ° 
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Crystal Structure of(w-C3H7)4N^CO2 -30^)2CS-H2O (2.2.12) 
Compound 2.2.12 is isomorphous with (w-C3H7)4N+NO3�30^)2CS.H2O 
(2.2.12a) [P2i/n, a = 8.433(2), b = 9.369(2)，c = 34.361(7)A P = 91.01(3)。，Z = 4], 
which has been reported in our recent study on a series of inclusion complexes of 
thiourea with peralkylated ammonium nitrate salts,^ ^ '^^ ^^ and changing the anion from 
nitrate to formate causes no marked variation in the structure of the thiourea-anionic 
host lattice. 
-gg4 „• -^^ -^ ^ , . - .^ t^^x ,,:?^! 
5 ^ ' : : 、 赋 急 發 . - ^ ？ ^ - ' ^ ^ - % ^ - t 
/ @ / # 少 沙 i / ^ , f 吻 才 ⑩ / 
•1:丨一 :1。一 1 ‘ . 1 — 丨 1 一 ' 1 — ® \ o \ cp %, C0 物 % 卞 \ <》\ 公 <i:V- <^ M. ^ ^ 彻 - ^ ^ - - ^ ^ 
s^:9 ““ »K^^ ] - ^ f ? »^?.? ‘ -j®^?；' ‘ «^ ? 
0 \、0、% C0 ^ C0 ③ ^ 办 \ 0 :\ 0 
-;L^:: ^ ^ j J ^ ^ , • : . � ' 1 . : f ^ ' f ^ 
/ @ / ^ / ^ / / # / ^ / § / 
..-:絶,¥嫩|..:论々 ^-^.,=^mt-t'^ 
<v^ w t ^ - ^ “ 齊 T ^ : 
§. & ® &' cft 
Fig. 2.2.24. Stereodrawing of the channel-type crystal structure of (w-C3H7)4N^C02'* 
30SfH2)2CS.H2O (2.2.12). The origin of the unit cell lies at the upper right 
comer, with a towards the reader, b pointing from right to left and c downwards. 
For clarity the enclosed (Ai-CsH?)<>^ ions are represented by large shaded circles. 
As shown in Fig. 2.2.24, the crystal structure of compound 2.2.12 features one-
dimensional channels extending parallel to the a axial direction. This channel framework 
is built up by two types of layers (designated type I and type II) interlinked by N-
H...O(formate) hydrogen bonds. The type I layer is composed of thiourea molecules 
C(1) [composed ofatoms C(1), S(1), N(1) and N(2), and hereafter conveniently referred 
to by naming the carbon atom] and C(2), which are alternately linked by pairs ofN-fL..S 
hydrogen bonds in a shoulder-to-shoulder fashion to form zigzag, puckered ribbons 
running parallel to the a axis (Fig. 2.2.25). The relevant torsion angles in each thiourea 
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ribbon are: C(l)-N(l)...S(2)-C(2) = 56.9 and C ( 2 ) - N ( 3 ) … S � - C � = 5 5 . 6 ° , which are 
close to the corresponding values for 2.2.12a, 61.4 and 56.0° respectively. With these 
ribbons arranged side by side, atom S(2) of molecule C(2) forms two acceptor hydrogen 
bonds with atoms N(lb) and N(2b) of molecule C(lb) belonging to an adjacent ribbon, 
such that this type of cross-linkage yields a puckered layer that is normal to the c axis 
(Fig. 2.2.25). The dihedral angles between adjacent ribbons are quite large, as can be 
seen from the relevant torsion angles: C(l)-N(l)...S(2d)-C(2d) = 87.1, and C(1)-
N(2)...S(2d)-C(2d) = -83.2°; the corresponding value for 2.2.12a is -58.2°. 
^ admo \ a^ 
^ ^ B ” S 2 � ^ ^ f^^ 
^^个\ ^ V ' 1 � � 
i / , ^ 4 . / l h 
丨 i\ i r ' ^ \ i r 
H : t i ; : v 4 ^ :,:r(: ^ ' i \ 
i “ i ^ i 厂 i y 
V J 《 j ^ " % 
o^  (/N1c o^  / 
Fig. 2.2.25. Type I hydrogen-bonded layer in 2.2.12, formed by thiourea ribbons, labels 
Broken lines represent hydrogen bonds. 
The type II layer is shown in Fig. 2.2.26. As in the case of 2.2.12a, the third 
thiourea molecule C(3), together with its centrosymmetrically-related partner, are 
consolidated by a pair of N-H...S hydrogen bonds to yield a cyclic dimer. Water 
molecules and formate ions link these dimers into a wide chain running parallel to the a 
axis. The shortest distance between 0 atoms of water molecules and formate ions 
belonging to adjacent chains is 4.345A so that the type II layer just consists of chains 
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As shown in Fig. 2.2.24，the two types oflayers are alternately stacked parallel 
to the (001) family of planes and further cross-linked by N-H...0 hydrogen bonds to 
generate a three-dimensional network containing channels that run parallel to the [100] 
direction. The well-ordered tetrahedral (w-C3H7)4N+ cations are stacked in a single 
column within each channel, which has a partial opening at z = 0 or 1/2, corresponding 
to the locations oflayers of type II. 
01eO 0 C4e^  ^ 0¾ i i 
. - V \ , S 3 e ， V \ , 丫 / ^ y - ^ e � � � Y / J^-^ 
^ J ^ : N ^ � � � J j J ^ : , > o 
® \^? S v^? 0 \ 02^  \ i! . ii -¾^-?¾^  
b bo2c <« oAC4c 
0 6oic 
Fig. 2.2.26. Type I I layer composed of hydrogen-bonded wide chains in 2.1.12, each formed 
by the cross-linkage of thiourea dimers, formate ions and water molecules. 
Broken lines represent hydrogen bonds. 
Table 2.2.9. Selected bond distances (为，bond angles (。) and torsion angles (。) in the thiourea-
anionic systems* 
(w-C3H7)4N+ HC02 . 3CS(NH2)2 • H2O (2.2.12) 
(i) Thiourea and formate molecules 
S(l)-C(l) 1.690(4) 匚‘丄^^ ⑴ 1.332(5) 
C(l)-N(2) 1.327(5) S(2)-C(2) 1.708(4) 
C(2)-N(3) 1.327(5) C(2)-N(4) 1.332(5) 
S(3)-C(3) 1.637(5) C(3)-N(5) 1.343(6) 
C(3)-N(6) 1.324(6) C(4)-0(1) 1.216(6) 
C(4)-0(2) 1.209(6) 
S(l)-C(l)-N(l) 121.0(3) S(l)-C(l)-N(2) 121.7(3) 
N(l)-C(l)-N(2) 117.4(3) S(2)-C(2)-N(3) 121.0(3) 
S(2)-C(2)-N(4) 121.0(3) N(3)-C(2)-N(4) 118.0(3) 
S(3)-C(3)-N(5) 124.2(4) S(3)-C(3)-N(6) 122.1(4) 
N(5)-C(3)-N(6) 113.6(4) 0(l)-C(4)-0(2) 131.0(4) 
(ii) Hydrogen bonding 
N(4a)...S(l) 3.499 N(3)〜S(1) 3.624 
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Table 2.2.9. (continued) 
N(l)...S(2) J 1 ^ N(2c)...S(2) l 4 ^ 
N(lb)".S(2) 3.381 N(2b)...S(2) 3.704 
N(3)...0(2) 2.828 N(5e)...S(3) 3.434 
N(6)...0(2) 2.801 0(1W)...0(1) 2.668 
N(5c)...0(lW) 2.910 N(6c)...0(lW) 2.891 
N(3)...S(1)-C(1) 99.7 N(4a)...S(l)-C(l) 103.7 
N(3)...S(l)...N(4a) 122.8 N(l)...S(2)-C(2) 101.6 
N(2c)...S(2)-C(2) 105.0 N(lb)...S(2)-C(2) 79.0 
N(l)...S(2)...N(2c) 127.6 N(2b)...S(2)-C(2) 80.4 
N(l)...S(2)...N(lb) 105.4 N(l)...S(2)...N(2b) 142.0 
N(2c)...S(2)...N(lb) 123.3 N(2c)...S(2)...N(2b) 86.9 
N(5e)...S(l)-C(l) 110.7 N(6)...0(2)-C(4) 111.8 
0( lW).. .0( l )-C(4) 113.0 N(5c)...0(lW)...N(6c) 45.3 
C(l)-N(l)...S(2)-C(2) 56.9 C(2)-N(3)...S(1)-C(1) 55.6 
C(l)-N(l)...S(2d)-C(2d) 87.1 C(l)-N(2)...S(2d)-C(2d) -83.2 
C(3)-N(6)...0(2)-C(4) ^ C(3e)-N(5c)...S(3)-C(3) -3.9 
*Symmetry transformations: 
a (- l+x, y, z); b (0.5-x, -0.5+y，0.5-z); c ( l+x, y, z); 
d (0.5-x, 0.5+y, 0.5-z); e (-x, l-y, -z) 
Standard deviations in hydrogen bond lengths and bond angles: 
a (0 « 0.006 A, a (0) « 0.3。 
Crystal Structures of (n-C4H^)^W[(nCO2)2^] '2Q^2)2^^ (2.2.13) 
As illustrated in Fig. 2.2.27, compound 2.2.13 features a sandwich-like 
structure in which the (w-C4H9)4N+ ions are separated by thiourea-anion puckered layers. 
In the construction of the host layer, two independent thiourea molecules are alternately 
connected by hydrogen bonds in the usual shoulder-to-shoulder manner to form a zigzag 
ribbon running parallel to the b axis, which is essentially planar, as shown by the torsion 
angles C(2)-N(4)...S(1)-C(1) = -15.6，C(l)-N(2)...S(2a)-C(2a) = 18.9, C(2)-
N(3)...S(la)-C(la) = -5.0, C(l)-N(l)...S(2)-C(2) = -37.8° (Fig. 2.2.28). With these 
thiourea ribbons stacked broadside-on in the [001] direction, each thiourea molecule is 
further linked to a syn-planar hydrogen diformate ion, [(HCO2)2H]", via two additional 
N-H...0 donor hydrogen bonds that extend outward on either side of the ribbon, so that 
a puckered layer oriented parallel to the (100) family of planes is formed. 
In the cation (w-C4H9)4N+, a terminal methyl group deviates from the main 
plane through other carbon atoms of its parent butyl group, so that the cation does not 
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\ Y ^ ^ ^ ^ ^ ¾ ^ 
^ & ^ ^ < f ^ > ^ f c ^ ^ # ^ e 
X / \ 
Fig.2.2.27. Perspective view of the layer-type crystal structure of (w-C4H9)4>T[(HC02)2H]'-
• 2OSH2)2CS (2.2.13). Broken lines represent hydrogen bonds, and atom types 
are distinguished by size and shading. 
a & ®sib 
Y r Y r Ni"^ A^b 
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Fig. 2.2.28. Hydrogen-bonded layer in 2.2.13, formed by thiourea ribbons and hydrgen 
diformate anions. Broken lines represent hydrogen bonds. 
attain its idealized 42w {D2d) conformation, as illustrated in Fig. 2.2.27. It is seen that 
these cations are located in the space between the layers, which correspond to the (100) 
family of planes. The interlayer spacing of 8.695A( = a/2) can be compared with the 
corresponding value 8.37lA ( = c/2) for a similar layer structure with tetra-w-
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butylammonium cations accommodated in the thiourea-hydrogen diacetate lattice of 
monoclinic («-C4H9)4N+[(CH3CO2)2H]、20^)2CS).俠 
Table 2,2.10. Selected bond distances (为，bond angles (°) and torsion angles (°) in the 
thiourea-anionic systems* 
(#f-C4H8)4N+ [(HC02)2H] - 2CS(NH2)2 (2.2.13) 
(i) Thiourea molecules and formatic dimers 
S(l)-C(l) 1.686(5) C( l ) -N( l ) 1.330(6) 
C(l)-N(2) 1.315(6) S(2)-C(2) 1.687(5) 
C(2)-N(3) 1.307(6) C(2)-N(4) 1.330(6) 
C(3)-0(1) 1.190(7) C(3)-0(2) 1.265(7) 
C(4)-0(3) 1.182(6) C(4)-0(4) 1.257(7) 
S(l)-C(l)-N(l) 121.4(3) S(l)-C(l)-N(2) 122.2(3) 
N(l)-C(l)-N(2) 116.3(4) S(2)-C(2)-N(3) 122.4(3) 
S(2)-C(2)-N(4) 121.2(3) N(3)-C(2)-N(4) 116.4(4) 
0(l)-C(3)-0(2) 127.7(6) 0(3)-C(4)-0(4) 126.8(5) 
(ii) Hydrogen bonding 
N(3a)...S(l) 3.495 N(4)...S(1) 3.470 
N(l)...S(2) 3.464 N(2a)〜S(2) 3.502 
N(2)...0(1) 2.756 N(3c)...0(2) 3.065 
N(4c)...0(3) 2.807 N(l)...0(4) 2.957 
0(2)...0(4) 2.472 
N(3a)...S(l)-C(l) 109.3 N(4)...S(1)-C(1) 106.0 
N(3a)...S(l)...N(4) 129.2 N(l)...S(2)-C(2) 101.5 
N(2a)...S(2)-C(2) 109.8 N(l)...S(2)...N(2a) 123.1 
N(2)...0(l)-C(3) 163.8 N(3c)...0(2)-C(3) 121.7 
N(4c)...0(3)-CX4) 151.9 N(l)...CK4)-C(4) 126.5 
N(l)...0(4)...0(2) 112.5 CX4)-0(4)...0(2) 111.0 
C(l)-N(l)...S(2)-C(2) -37.8 C(2)-N(3)...S(la)-C(la) -5.0 
C(la)-N(2a)...S(2)-C(2) 18.9 C(2)-N(4)...S(1)-C(1) -15.6 
C(l)-N(l)...CK4)-C(4) -163.7 C(l)-N(2)...CKl)-C(3) 37.3 
C(2)-N(3)...0(2b)-C(3b) 145.1 C(2)-N(4)...0(3b)-C(4b) -87.5 
C(3)-0(2)...0(4)-C(4) 159.2 
*Symmetry transformations: 
a (1.5-x, 0.5+y, z); b (x, 1.5-y, 0.5+z); c (x, 1.5-y, -0.5+z) 
Standard deviations in hydrogen bond lengths and bond angles: 
a (0 « 0.006 A, a (0) « 0.4 ° 
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General Structural Features 
The present series of four thiourea-quaternary ammonium formate complexes 
exhibit two general types of host lattices depending on the stoichiometric ratio of 
thiourea to formate anion. Compounds 2.2.10, 2.2.11 and 2.2.13 (1:1) adopt sandwich-
like structures in which different types of layers are formed by various combinations of 
thiourea and formate anions with or without complementary co-crystallized solvent 
molecules, whereas compound 2.2.12 (3:1) has a channel structure that is isostructural 
with the analogous nitrate complex 2.2.12a. 
It is interesting to note that the protonated formate trimer in compound 2.2.11, 
the terminal formate moieties are essentially coplanar, as the dihedral angle between the 
least-squares plane of formate C(4) and the plane of formate C(3b) is 10.4。，and they 
are involved in forming the main plane of the thiourea-anion layer. However, the middle 
formate moiety C(5) is rotated out of plane to a large extent, making dihedral angles of 
69.8 and 76.3° with C(4) and C(3b), respectively. The formyl H atom of C(5) forms an 
C-H...0 hydrogen bond with the carboxy 0 atom ofC(3b) with R . . 0 = 2.303 A C-
H...0 = 3.213Aand C-H . .0 = 157.9°. The H...0 distance is shorter than the sum of the 
relevant van der Waals radii (Wn + Wo = 2.4、and closer to the lower end of the H...0 
range of2.16 to 2.65 Afor C-H...O=C hydrogen bonding established by accurate X-ray 
and neutron diffraction analyses,^ ^^ indicating that the formyl proton has a stronger 
donor capability. 
In comparing the present series of compounds with the thiourea-bicarbonate^^^ 
and nitrate22i inclusion compounds, it is noted that the oxygen atoms of the HC02' ion, 
like the NO3' ion, can only form acceptor hydrogen bonds with other potential donors. 
Therefore, the construction of a two- or three-dimensional host framework requires a 
higher thiourea/formate molar ratio, and the resulting ribbons generally adopt a twisted 
configuration so that the thiourea molecules can form additional donor hydrogen bonds 
with atoms in adjacent ribbons. 
112 
Description of Crystal Structures Chapter 2 
2.2.5. Hydrogen-Bonded Host Lattices Built of Thiourea and Acetate Ions 
Crystal Structure of(C2H5)4Nt:H3CO2-. 40SfH2)2CS (2.2.14) 
In complex 2.2.14, the thiourea molecules and acetate ions build a three-
dimensional host lattice in a 4:1 ratio, generating two channel systems that are 
arranged alternately along the [110] and [TlO] directions, as shown in Fig. 2.2.29 and 
Fig. 2.2.30, respectively. The tetraethylammonium cations are accommodated in a 
single column within each channel. The thiourea-anion lattice comprises zigzag 
ribbons running parallel to the [110] and [TlO] directions, and parallel undulate layers 
connected by hydrogen bonds which are oriented almost perpendicular to the ribbons 
and parallel to the (110) family of planes. As shown in Fig. 2.2.29, the mean planes 
of these highly undulate layers are positioned at z = 1/4 and 3/4. Features of the 
ribbons and relation between ribbons and layers may be conveniently described with 
reference to the hydrogen bonding scheme shown in Fig. 2.2.31(a) and Table 2.2.11. 
4 ^ ^ 4 ^ M < > < ^ v ^ C 
M ^ ^ ^ ^ i 0 ^ f t 
^ # _ ^ ^ f ^ M ^ ' ^ � 
m m ^ ^ W m h 
! i i p * f i i h i | 霄_喻 W ^ ^ # # 
: 0 & : i ^ ¥ 
^ : # 0 ¾ ^ > K > C ^ 
Fig. 2.2.29. Stereodrawing of the ctystal structure of (C2H5)4NrCH3C02 .4GSfH2)2CS 
(2.2.14) showing the channels extending parallel to the [110] direction 
and the enclosed cations. Broken lines represent hydrogen bonds, and 
atom types are distinguished by size and shading. For clarity the 
enclosed (C2H5)4N^ ions are represented by large dotted circles. 
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Fig. 2.2.30. Stereodrawing of the crystal structure of 2.2.14 showing the channels 
extending parallel to the [TlO] direction and the enclosed cations. Broken 
lines represent hydrogen bonds, and atom types are distinguished by size 
and shading. For clarity the enclosed (C2H5)4N^ ions are represented by 
large dotted circles. 
The infinite chains running through the structure in the [110] and [TlO] 
directions, which form a pair of opposite walls of the corresponding channels, are 
generated by two independent thiourea molecules, C(1) [composed of atoms C(1), 
S(1), N(1) and N(2), and hereafter conveniently referred to as C(1); other thiourea 
molecules are designated in the same manner] and C(2), together with an acetate 
anion C(6) [composed of atoms C(6), C(5), 0(1)，0(2)]. Thiourea molecules C(1) 
and C(2) are linked by a pair ofN-H...S hydrogen bonds in a shoulder-to-shoulder 
fashion while C(2) is further linked to an acetate ion via two N-H...0 donor 
hydrogen bonds to generate a trimer [Fig. 2.2.31(a)]. Two centrosymmetrically-
related trimers constitute a hexamer consolidated by a pair of N-H...0 hydrogen 
bonds between C(2) and its symmetry equivalent partner C(2d). With this hexamer 
as a repeating unit, formation ofhydrogen bonds of the type between C(1) and C(6c) 
generates a wide ribbon running through the structure in the direction of [110]. At a 
location which is one-half translation away along the c axis, there is a similar ribbon 
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Fig. 2.2.31. (a) The hydrogen-bonding sclieme in the thiourea-anion host lattice of 
2.2.14, in which a centrosymmetric hexametric structure unit is highlighted 
by shading, ( b ) Projection drawing of the hydrogen-bonded thiourea-acetate 
anionic layer parallel to the (001) family of planes in 2.2.14. The atom 
labels correspond to those given in Table 2.2.11. Broken lines represent 
hydrogen bonds. 
which extends in the [TlO] direction. In this ribbon the molecules originating from 
thiourea C(2) and acetate C(6) of the hexamer are essentially coplanar, as shown by 
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the torsion angle C(2)-N(4)...0(2)-C(6) = -1.4 and C(2)-N(3)...0(l)-C(6) = -13.1°. 
However, those derived from thiourea C(1) are inclined with respect to the main 
plane of the ribbon, and the relevant torsion angles are C( 1 )-N(2)...S(2)-C(2) 二 53.1 
and C(l) -N( l ) . . .0( lc)-C(6c) = 121.1。，respectively. 
The acetate ion C(6) also contributes to the construction of a layer built of 
the other two thiourea molecules: thiourea molecules of type C(3) related by a 2i axis 
are alternately linked by hydrogen bonds nearly in a head-to-tail mode to generate a 
highly twisted zigzag ribbon extending along the [010] direction, as shown by the 
torsion angle C(3)-N(5)...S(3i)-C(3i) = -63.7° [Fig. 3(b)]. Only one N-H...S 
hydrogen bond is formed between adjacent molecules along the ribbon, so that each 
pair of thiourea molecules are also bridged by N-H.. .0 hydrogen bonds with the 0(2) 
atom belonging to an acetate ion. Two thiourea molecules C(4) related by a 2 axis 
are linked by a pair of hydrogen bonds in the shoulder-to-shoulder fashion to form a 
rare dimer, in which they are almost mutually orthogonal, as shown by the torsion 
angle C(4)-N(8)...S(4e)-C(4e) = -83.0°. The twisted zigzag ribbons lying side by 
side in an alternate arrangement are cross-linked by the thiourea dimers via N-H...S 
hydrogen bonds of the type between C(3) and C(4) to form a puckered layer as 
shown in Fig. 2.2.31(b). Cross-linkage of the ribbons and layers positioned at z = 1/4 
and 3/4 generates a three-dimensional host lattice containing two open channel 
systems running parallel to the [110] and [TlO] directions, as illustrated in Figures 
2.2.29 and 2.2.30, respectively. 
The tetrahedral (C2H5)4N+ cation is well ordered and nearly attains its 
idealized 222 molecular symmetry. Its averaged dimensions are N-C = 1.515(4), C-C 
=1.522(5) A C-N-C = 109.5(2), and N-C-C = 114.9(3)。. Individual bond distances 
and angles are given in the Supplementary Data. These cations are accommodated in 
a zigzag column within each channel. 
Table 2.2.11. Selected bond distances ( ^ , bond angles (。）and torsion angles (。）in 
tthiourea- anionic systems* 
(C2Hs)4N+ CH3CO2 -4CS0VH 2)2 (2.2.14) 
(i) Thiourea and acetate molecules 
S(l)-C(l) 1.694(4) C(l)-N(l) 1.315(5) 
C(l)-N(2) 1.341(5) S(2)-C(2) 1.693(4) 
C(2)-N(3) 1.332(5) C(2)-N(4) 1.331(5) 
S(3)-C(3) 1.694(4) C(3)-N(5) 1.323(5) 
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Table 2.2.11. (continued) 
C(3)-N(6) 1.332(5) S(4)-C(4) 1.700(4) 
C(4)-N(7) 1.314(5) C(4)-N(8) 1.337(5) 
C(5)-C(6) 1.504(6) C(6)-0(1) 1.230(5) 
C(6)-0(2) 1.262(5) 
S( l ) -C( l ) -N( l ) 121.8(3) S(l)-C(l)-N(2) 120.9(3) 
N( l ) -C( l ) -N(2) 117.3(3) S(2)-C(2)-N(3) 121.4(3) 
S(2)-C(2)-N(4) 121.7(3) N(3)-C(2)-N(4) 116.9(4) 
S(3)-C(3)-N(5) 121.6(3) S(3)-C(3)-N(6) 120.8(3) 
N(5)-C(3)-N(6) 117.6(4) S(4)-CX4)-N(7) 122.4(3) 
S(4)-C(4)-N(8) 120.6(3) N(7)-C(4)-N(8) 117.1(4) 
C(5)-C(6)-0(1) 119.1(4) C(5)-C(6)-0(2) 118.3(3) 
0( l ) -C(6)-0(2) 122.6(4) 
(i i) Hydrogen bonding 
卿一乂 1 ) 3.376 N(7a)〜S(l) 3.543 
N(8a)〜S(l) 3.375 N(2)〜S(2) 3.484 
N(4d)...S(2) 3.680 N(7)...S(3) 3.384 
N(5i)...S(3) 3.398 N(6)...S(4) 3.408 
N(8 )...S(4) 3.501 N(lg)〜S(4) 3.570 
N(2g)...S(4) 3.499 N( lc ) . . .0( l ) 2.881 
N(3)...0(1) 2.882 N(4)...0(2) 2.949 
N(5h)...0(2) 2.805 N(6)...0(2) 3.935 
N(3)...S(1)-C(1) 98.8 N(7a)...S(l)-C(l) 89.6 
>^(83)丨8(1)-0(1) 101.3 N(3)...S(l)...N(7a) 86.2 
N(3)...S(l)...N(8a) 119.3 N(2)—S(2)-C(2) 98.0 
N(4d)...S(2)-C(2) 113.0 N(2)...S(2)...N(4d) 148.9 
N(7)...S(3)-C(3) 113.5 N(5i)...S(3)-C(3) 101.6 
N(7)...S(3)...N(5i) 114.8 N(lg)〜S(4)-C(4) 92.6 
N(2g)...S(4)-CX4) 101.8 N(6)...S(4)-C(4) 111.7 
N(8e)...S(4)-C(4) 82.6 N(6)...S(4)...N(8e) 119.4 
N(lg)...S(4)—N(6) 132.5 N(lg)...S(4)...N(8e) 103.2 
N(2g)...SW...N(6) 96.2 N(2g)〜S(4)...N(8e) 139.9 
N(lg)...SW...N(2g) 37.4 N(6)...0(2)-C(6) 102.6 
N(5h)...0(2)-C(6) 121.5 N(4)...0(2)-C(6) 127.0 
N(6)...0(2)...N(5h) 89.5 N(4)...0(2)...N(6) 104.4 
N(4)...0(2)...N(5h) 103.4 
C(2)-N(3)".S(1)-C(1) 61.5 C(l)-N(2)...S(2)-C(2) 53.1 
C(2)-N(4)...S(2d)-C(2d) -22.0 C(4a)-N(7a)...S(l)-C(l) 109.8 
C(4a)-N(8a)...S(l)-C(l) -75.0 C(4)-N(7)...S(3)-C(3) -10.6 
C(3)-N(6)...SW-C(4) 10.0 CX4)-N(8)...S(4e)-C(4e) -83.0 
C(2)-N(3)...0(l)-C(6) -13.1 C(2)-N(4)...0(2)-C(6) -1.4 
C(3)-N(6)...0(2)-C(6) 165.9 C(3)-N(5)...0(2i)-C(6i) 174.3 
*Symmetry transformations: 
a (X，l-y, l-z); b (x, l -y, -0.5+z); c (l-x, -y, l -z); 
d (1.5-x, 0.5-y, l -z); e ( l -x, y, 1.5-z); f (x, l -y, 0.5+z); 
g (X，-y, 0.5+z); h (1.5-x, -0.5+y, 1.5-z); i (1.5-x, 0.5+y, 1.5-z) 
Standard deviations in hydrogen bond lengths and bond angles: 
a (/) « 0.006 A, a {G) « 0.4 ° 
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Crystal Structure of (w-C3H7)4Nl(CH3C02)2H]-. 2O^2)2CS (2.2.15) and 
(w-C4H9)4Nl(CH3C02)2H]-. 2Ora2)2CS (2.2.16) 
Unlike the case in 2.2.14, a pair of acetate ions are bridged by a single 
proton, which lies on a 2 axis in 2.2.15 or an inversion center in 2.2.16, to form a 
dimeric [(CH3CO2)2H]' anionic system, as shown in Figures 2.2.34(a) and 2.2.34(b). 
These dimers combine with the thiourea molecules in different modes so that very 
different host lattices are generated in the two complexes despite their analogous 
stoichiometry. 
^ ^ 尔 : 穆 : . # 
• * ^ f ^ ^ ^ : ^ > f ^ ^ A 
v ^ , ^ ^ ^ J ^ ^ ^ ^ ^ - v V ^ 
\乂 x f 、 f i 、 — N ; K A 》 z X 、 
^ i H ^ 。 「 ^ | ^ ^ ^ ^ ^ ^ ^ ' , ^ 
〗 " ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ? ^ : i 、 9 , ^ / 4 
r ^ - ' ^ " 森 私 6 ^ . , - ^ " " 
Fig. 2.2.32. Hydrogen-bonded layer in (w-C3H7)4N^CH3C02)2HT 2O^2)2CS (2.2.15) 
formed by ribbons contnicted from thiourea dimers and dimeric acetate 
anions. Broken lines represent hydrogen bonds. 
Compound 2.2.15 features a sandwich-like crystal structure built up from 
undulate layers. The plane wave-like layer structure may be conveniently described 
with refrence to the hydrogen bonding scheme shown in Fig. 2.2.32 and Table 2.2.12. 
The thiourea molecule together with its centrosymmetrically related partner are 
consolidated by a pair of N-H...S hydrogen bonds to yield a cyclic dimer, in 
which all atoms are essentially co-planar (mean deviation 0.002^. The thiourea 
dimers and [(CH3C02)2H]_ anions occupying a site of symmetry 2 are linked in a 
broadside-on manner by pairs ofN-H...O hydrogen bonds to form a zigzag, puckered 
118 
Description of Crystal Structures Chapter 2 
[(Offl2)2CS)2((CH3CO2)2H)-]ao ribbon running parallel to the [10T] direction. Within 
this ribbon each S atom forms only one acceptor hydrogen bond, and the N(1) and 
0(2) atoms which lie at both edges of the ribbon can form other hydrogen bonds to 
neighboring ribbons. With these ribbons in a parallel arrangement side by side, their 
cross-linkage by N-H.. .0(1) hydrogen bonds generates a wave-like layer. Finally, the 
corrugated layers are alternately stacked parallel to the (010) family of planes, such 
that the "crests” and "troughs" of each layer are concentrated at z = 1/4 and 3/4， 
respectively. 
The stacked columns of well-ordered tetrahedral (A7-C3H7)4N^ cations 
located on the 2 axis are arranged in a single column between the turning portions of 
the wavy layers to form a sandwich-like structure (Fig. 2.2.33), 
g M ^ V v V ^ ^ g M ^ V 
> < / \ 9^ / t 癸 ^ A ^ 只/1 > ^ 
• ^ _ 4 # Q r a ^ 
h^h^h^ fhJh^h^ 
^ ^ i V \ V ^ i ^ ^ ^ ^ l v N i 
^ / £ i ^ A , / i ^ ? / 
r ® a l € € 4 
Fig. 2.2.33. Stereodrawing ofthe crystal structure of 2.2.15. The origin of the unit cell 
lies at the upper right comer, with a towards the reader, b pointing from 
right to left and c downwards. Broken lines represent hydrogen bonds, and 
atom types are distinguished by size and shading. For clarity the enclosed 
(w-C3H7)4N^ ions are represented by large dotted circles. 
In the crystal structure of compound 2.2.16, two independent thiourea 
molecules in the asymmetric unit are linked by N-H...S hydrogen bonds with its own 
kind in the usual shoulder-to-shoulder manner to form a zigzag ribbon running 
parallel to the a axis, at z = 0 and 1/2，respectively. All of the atoms in a ribbon are 
approximately co-planar since inversion centers are present between each pair of 
thiourea molecules, as can be assessed by the measured values of the relevant torsion 
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angles: C( la)-N( la)〜S(l ) -C( l ) = 14.2, C(l)-N(2). . .S(lc)-C(lc) 二 -9.8，C(2g)-
N(3g)...S(2)-C(2) = -3.6，C(2)-N(4)...S(2e)-C(2e) = -13.4。. Ribbons of the same 
kind are parallelly arranged and corss-linked by the dimeric [(CH3CO2)2H]' groups to 
generate a thiourea-anion layer normal to the c axis. Since the hydrogen bonding 
interaction between the acetate dimers and urea ribbons must allow for the spatial 
accommodation of the hydrophobic methyl groups, the layer is rather undulatory, as 
can be verified by the value of the relevant torsion angles C ( l ) -N ( l )〜0 ( l ) -C (4 )= 
-33.8，C(2)-N(4)...0(3)-C(6) = 102.0。. 
o y k ^ • • • ^ ^ i o ^ ^ ^ - " " K ^ 
入 y'。i K , A y . K 0 
% , : ^ 3 6 / 04f7 ^.^N3f / ^ 
•:、、部-於、、雜^  
0 ^ s ; ^ | L ^ 、 、 、 : c ^ ' J r ^ : : o ^ 
入 / J > < : 》 ; y , K > 
^ 3 g 丨 04htc6h ,M^N3h / ^ 
4 r ^ s 2 g ^¢^.^^:^- ^ 
(a) 
o-^2o 0 o~^ 
〜 - $ s i 。 H > 〜 + 
^ n o i ^ v ； 
H龍：：和催：：和 
\ ！ 产 。 ？ 、 • y , F • • 。 
> - ^ 2 c / 产 < ^ / P > 
H . . , . ^ - H - ^ h 
^ • " • > 4 % - ^ 
b^ ——<^ ^~o 0 
0)) 
Fig. 2.2.34. Hydrogen-bonded layer at (a) z = 0 and (b) z = 1/2 in 
0i-C4H9)4N^CH3CO2)2HT 2 _ 2 ) 2 C S (2.2.16)，formed by thiourea 
ribbons and dimeric acetate anions. Broken lines represent hydrogen bonds. 
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As illustrated in Figures 2.2.34 (a) and 2.2.34 (b), two different 
conformations of the acetate dimer are formed in successive layers: in the layer 
located at z = 0，the [(CH3CO2)2H]- anion takes the synplanar form between the 
ribbons formed by C(2) molecules, as is the case in 2.2.15, but the antiplanar form 
exists between ribbons formed by C(1) molecules in the layer at z = 1/2. 
The tetraalkylammonium cations (w-C4H9)4N+ are well ordered and have 
normal dimensions, except that two carbon atoms located the end of an alkyl chain 
exhibit two-fold disorder. A stereoview of the crystal structure is illustrated in Fig. 
2.2.35. I t is seen that the cations are located in the space between the layers, which 
correspond to the (002) family of planes. 
C ^ * # x T * i ^ ^ 
" ^ ^ ^ " ^ ^ ^ ^ 
} 減 ^ S : ^ 
< ^ , < 5 V ^ ,!^^<%^V^ 
X> ^ ' V ^ I V ^ ' ' V ^ 
^ ^ > ^ f e s A ^ •»_^  8^ 
Fig. 2.2.35. Stereodrawing ofthe crystal structure of 2.2.16. The origin of the unit cell 
lies at the upper right comer，with a towards the reader, b pointing from 
right to left and c downwards. Broken lines represent hydrogen bonds, and 
atom types are distinguished by size and shading. 
Table 2.2.12. Selected bond distances ( ^ , bond angles (。）and torsion angles (°) in the 
thiourea- anionic systems* 
(w-C3H7)4N+ [(CH3C02)H] . 2CSa^H2)2 (2.2.15) 
(i) Thiourea and acetate molecules 
S(l)-C(l) 1.687(3) C( l ) -N( l ) 1.334(3) 
C(l)-N(2) 1.322(3) C(2)-C(3) 1.498(4) 
C(3)-0(1) 1.284(3) C(3)-0(2) 1.218(3) 
S(l)-C(l)-N(l) 121.3(2) S(l)-C(l)-N(2) 122.1(2) 
N(l)-C(l)-N(2) 116.6(2) C(2)-C(3)-0(1) 114.7(2) 
C(2)-C(3)-0(2) 121.4(2) 0(l)-C(3)-0(2) 123.9(2) 
(ii) Hydrogen bonding 
N(2d)...S(l) 3.464 N(2a)〜0(l) 2.954 
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Table 2.2.12. (continued) 
0 ( la ) . . .0 ( l ) 2 ^ N(l).. .0(2) 2.992 
N(le)...0(2) 3.008 
N(2^..S(1)-C(1) 110.6 >^(23)丨0(1)-€(3) 119.2 
0(1&)吣0(1)-〇(3) 114.8 0(la)…0(l)…N(2a) 119.5 
N(l)...0(2)-C(3) 144.9 N(le)...0(2)-C(3) 127.2 
N(l)...0(2)...N(le) 74.5 
C(ld)-N(2d)...S(l)-C(l) 2.2 C(l)-N(2)...0(la)-C(3a) 153.6 
C(3)-0(l)...0(la)-C(3a) -160.7 >4(2)...0(13)丨0(1)-€(3) 47.8 
(w-C4H8)4N+ [(CH3C02>H] - 2CS(NH2)2 (2.2.16) 
(i) Thiourea and acetate molecules 
S(l)-C(l) 1.695(2) C( l ) -N( l ) 1.323(3) 
C(l)-N(2) 1.320(2) S(2)-C(2) 1.693(2) 
C(2)-N(3) 1.323(2) C(2)-N(4) 1.325(3) 
C(3)-CX4) 1.467(3) C(4)-0(1) 1.217(2) 
C(4)-0(2) 1.278(3) C(5)-C(6) 1.457(3) 
C(6)-0(3) 1.200(3) C(6)-0(4) 1.278(3) 
S( l ) -C( l ) -N( l ) 121.5(1) S(l)-C(l)-N(2) 121.6(2) 
N(l)-C(l)-N(2) 117.0(2) S(2)-C(2)-N(3) 121.4(2) 
S(2)-C(2)-N(4) 121.2(1) N(3)-C(2)-N(4) 117.4(2) 
C(3)-C(4)-0(1) 120.8(2) C(3)-COO-0(2) 117.6(2) 
0(l)-C(4)-0(2) 121.6(2) C(5)-C(6)-0(3) 120.6(2) 
C(5)-C(6)-0(4) 113.6(2) 0(3)-C(6)-0(4) 125.7(2) 
(ii) Hydrogen bonding 
N(la)〜S(l) 3.413 N(2c)〜S(l) 3.462 
N(1)...0(1) 2.912 N(2)...0(2) 2.943 
0(2b)...0(2) 2.434 N(3g)...S(2) 3.530 
N(4e)...S(2) 3.531 N(3)...0(3) 3.221 
N(4)...0(3) 2.863 N(3h)...CK4) 3.055 
0(4h)...0(4) 2.467 
N(la)...S(l)-C(l) 107.8 N(2c)...S(l)-C(l) 107.5 
N(la)...S(l)...N(2c) 144.5 N(l)...0(l)-C(4) 117.4 
N(2)...0(2)-CX4) 117.3 0(2b)...0(2)-C(4) 85.8 
N(2)...0(2)...0(2b) 119.9 N(3g)...S(2)-C(2) 110.1 
N(4e)...S(2)-C(2) 112.6 N(3g)...S(2)...N(4e) 134.7 
N(3)...0(3)-C(6) 133.8 N(4)...0(3)-C(6) 159.6 
N(3)...0(3)...N(4) 43.1 N(3h)...0(4)-C(6) 141.7 
0(4h)...CK4)-C(6) 114.0 N(3h)...0(4)...0(4h) 104.2 
C(la)-N(la)...SW-C(l) 14.2 C(l)-N(2)...S(lc)-C(lc) -9.8 
C( l ) -N( l ) -0 ( l ) -C(4) -33.8 C(l)-N(2)."0(2)-C(4) -15.3 
C(4)-0(2)...0(2b)-C(4b) -180.0 C(2g)-N(3g)...S(2)-C(2) -3.6 
C(2)-N(4)...S(2e)-C(2e) -13.4 C(2)-N(3)...0(3)-C(6) -160.7 
C(2)-N(4)...0(3)-C(6) 102.0 C(2)-N(3)...0(4h)-C(6h) -143.8 
C(6)-0(4)...0(4h)-C(6h) 180.0 
*Symmetry transformations: 
2.2.15 a (1.5-x, y, 0.5-z); b ( l+x, y, z); c (- l+x, y, z); 
d ( l-x, l-y, l-z); e (0.5-x, y, 0.5-z) 
2.2.16 a (-x, -y, l-z); b ( l-x, l-y, l-z); c ( l-x, -y, l.z); 
d (X，l+y, z); e (l-x, -y, -z); f (l-x, l-y, -z); 
g (2-x, -y, -z); h (2-x, l-y, -z); I ( l-x, y, z) 
2.2.15 a ( 0 « 0.004 A , a {G) « 0.2。； 
2.2.16 a ( 0 « 0.003 A， a {G) « 0.2 ° 
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Crystal Structures of(CH3)4>TCH3C02 - O^2)2CS (2.2.17) 
The atom-labeling scheme and hydrogen-bonding scheme are shown in Fig. 2.2.36. 
In compound 2.2.17 the thiourea molecules are linked by N-H.. .S hydrogen bonds in 
the usual shoulder-to-shoulder manner to form a zigzag ribbon running parallel to 
the a axis. But unlike those in 2.2.16, the ribbon is rather more undulatory, and the 
extent of deviation from planarity can be seen from the measured values of the 
torsion angles between two adjacent thiourea molecules: C( 1 a)-N(2a)... S(1 )-C( 1 ) = -
21.1，C(l)-N(l)...S(lb)-C(lb) = -21.2。，which are larger than the corresponding 
values of structure 2.2.16, and the main plane of the ribbon is parallel to the (031) 
and ( 0 3 l ) family of planes which are related by a 2i axis. Each thiourea molecules is 
further linked to a acetate ion via two additional N-H. . .0 donor hydrogen bonds that 
extend outward on either side of the ribbon, so that these ribbons can also be 
regarded as being constructed from a thiourea-anion dimeric building block that is 
very similar to that in the inclusion compounds of thiourea with tetramethyl-, 
tetrapropyl- and tetrabutyl-ammonium nitrate salts.221 The orientation of the 
CHsCOO" group with respect to the thiourea ribbon can be described by the torsion 
angle C( l ) -N( l ) . "0 ( l ) -C(3) = 5.0. 
^ ^ 
。 2 ? ^ m ( 7 > V , I ； ； I 
1 ' " ' ^ " 、 1 , ; ¥ 
Y V ' ' ' ' ^ ' " Y V ' ' ' ' ^ ' ' 
I I I 1 
" ^ X T "^^y^ 
oT^ 
Fig. 2.2.36. The zipper-like composite ribbons in (CH3)4N^CH3CO2-. C^2)2CS (2.2.17)， 
formed by the attachment of acetate ions to both sides of each thiourea 
ribbon. The atom labels correspond to those given in Table 2.2.13. 
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Fig. 2.2.37. Stereodrawing of the crystal structure of 2.2.17. The origin of the unit cell 
lies at the upper right comer, with a towards the reader, b pointing from 
right to left and c downwards. Broken lines represent hydrogen bonds, and 
atom types are distinguished by size and shading. 
As shown in Fig. 2.2.37, the zipper-like ribbons are arranged by operations 
ofthe corresponding 2 i / n symmetry elements to generate a “pseudo-channel” type of 
thiourea-anionic lattice, but without any interaction between adjacent ribbons, the 
shortest distances between two of them being 8.709(4) A The cross-section of a 
"pseudo-channel" is shaped approximately like a parallelogram, with distances 
between its two pairs of sides measuring 4.7 and 9.5 A. 
The tetramethylammonium cations are well ordered and its averaged 
dimensions are N-C = 1.478(4) A C-N-C = 109.5(3)°. These cations are arranged in 
a straight column along the [100] direction, and two parallel columns are separated 
by the one-dimensional infinitely extended thiourea-acetate composite ribbons in a 
channel-like packing arrangement (see Fig. 2.2.37). 
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Table 2.2.13, Selected bond distances (叙 bond angles (。) and torsion angles (。) 
in the thiourea- anionic systems* 
(CH3)4N^ CH3CO2 CSOVH 2)2 (2.2.17) 
(i) Thiourea and acetate molecules 
S( l ) -C( l ) 1.702(3) C( l ) -N( l ) 1.329(3) 
C(l)-N(2) 1.324(3) C(2)-C(3) 1.501(5) 
C(3)-0(1) 1.216(4) C(3)-0(2) 1.236(4) 
N(3)-C(4) 1.490(4) N(3)-C(5) 1.481(4) 
N(3)-C(6) 1.463(6) N(3)-C(7) 1.479(4) 
S(l ) -C( l ) -N( l ) 121.6(2) S(l)-C(l)-N(2) 121.3(2) 
N(l)-C(l)-N(2) 117.1(2) C(2)-C(3)-0(1) 118.3(3) 
C(2)-C(3)-0(2) 117.8(3) 0( l)-C(3)-0(2) 123.9(3) 
(ii) Hydrogen bonding 
N(lb)…S(l) 3.478 N(2a)..S(l) 3.481 
N(1)...0(1) 2.801 N(2)..0(2) 2.799 
N(lb).. .S(l)-C(l) 109.5 N(2a)...S(l)-C(l) 109.8 
N(lb)...S(l)...N(2a) 124.4 N(l). . .0( l)-C(3) 119.0 
N(2)...0(2)-C(3) 119.1 
C(la)-N(2a)...S(l)-C(l) -21.1 C(l)-N(l)...S(lb)-C(lb) -21.2 
C(l)-N(l) . . .0( l)-C(3) 5 ^ C(l)-N(2)...0(2)-C(3) -4.9 
*Symmetry transformations: 
a ( l -x, -y, -z); b (-x, -y, -z); c (- l+x, y, z) 
Standard deviations in hydrogen bond lengths and bond angles: 
CT ( 0 « 0.005 A , a {G) « 0.3 ° 
Structural Features and Relationships 
The present series of four thiourea-quaternary ammonium acetate complexes 
exhibit thiourea-anion lattices which are distinctly different from one another, 
depending on the stoichiometric ratio of thiourea to acetate ion and the modes of 
combination of thiourea molecules and dimeric acetate anions. Compound 2.2.14 
(4:1) is a novel channel inclusion compound whereas 2.2.15, 2.2.16 (2:2) have 
different layer-type structures, and 2.2.17 (1:1) is characterized by an anionic 
composite ribbon composed of a zigzag arrangement of thiourea molecules with 
acetate ions attached to both sides. 
It is interesting to note that the singly hydrogen-bridged dimeric acetate 
anion is present in compounds 2.2.15 and 2.2.16, and two different conformations 
co-exist in 2.2.16, Its molecular dimensions are compared with those of crystalline 
acetic acid in Table 2.2.14. The most noteworthy trend is a decrease of the C=0 
bond length in the sequence acid chain, monomeric anion, dimeric anion and the 
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shorter hydrogen bond length in the dimeric anion. The symmetric 0...H...0 
hydrogen bond linking two acetate anions in the present complexes has an average 
length of2.449(5)A, which places it in the "very strong” categoryi^ ^^ 
Although the inclusion compounds 2.2.15 and 2.2.16 both contain thiourea 
molecules and dimeric acetate anions as building blocks, different modes of 
combination are utilized in the construction of the resulting hydrogen-bonded host 
lattices. In compound 2.2.15, the centrosymmetric thiourea dimeric units are 
alternately bridged by the acetate dimers to form an infinite 
[(0SfH2)2CS)2((CH3CO2)2H)-]oo ribbon (Fig. 2.2.32), but the thiourea ribbons combine 
with the dimeric acetate anions to form puckered layers in 2.2.16 [Figures 2.2.34(a), 
2.2.34(b)]. 
In comparing this series of compounds with the thiourea-bicarbonate^^^ and 
thiourea-nitrate22i inclusion compounds, it is noted that the CH3CO2- ion, unlike the 
HCO3- ion, can only form acceptor hydrogen bonds with other potential donors and 
furthermore, unlike both HCOs" and NOs', it has only two oxygen atoms functioning 
as acceptors in the hydrogen-bonded host framework, and accommodation of its 
hydrophobic methyl group must be made. Therefore, the construction of a two- or 
three-dimensional host framework requires a higher thiourea/acetate molar ratio, as in 
the case in compound 2.2.14, or the dimeric acetic anion necessarily takes the role of 
a building blocks as is the case in complexes 2.2.15 and 2.2.16. The resulting ribbons 
generally adopt a twisted configuration so that the thiourea molecules can form 
additional donor hydrogen bonds with atoms in adjacent ribbons, or the more 
exposed oxygen atoms can form acceptor hydrogen bonds with nitrogen atoms of 
neighboring thiourea molecules. In the 1:1 complex 2.2.17 only a "pesudo channel" 
arrangement of separate ribbons can be constructed from the thiourea and acetate 
building blocks. 
Table 2.2.14. Bond lengths ( A ) for acetic acid,monomeric anion and dimeric anion 
dimeric anion monomeric acetic acid 
2.2.15 2.2.16 (z = 0) 2.2.16 {z =1/2) anion chain 
" C ^ 1.218(3) 1.200(3) 1.217(2) 1.230(5) 1.24(2) 
C_0 1.284(3) 1.278(3) 1.278(3) 1.262(5) 1.29(2) 
C-C 1.498(4) 1.457(3) 1.467(3) 1.504(6) 1.54(2) 
0...H...0 2.445陶 2.467W 2.434(4) -— 2.61(2) 
i 
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2.2.6. Hydrogen-Bonded Host Lattices Constructed from Thiourea and Anions 
of Oxalic Acid and Fumaric Add 
Crystal Structures of Thiourea-Oxalate Inclusion Compound (w-C4H9)4>THC204' 
• 2_2)2CS (2.2.18) 
Compound 2.2.18 features a sandwich-like crystal structure built up from 
undulate layers (Fig. 2.2.38). In the thiourea-hydrogen oxalate layer structure, as 
shown in the hydrogen bonding scheme (Fig. 2.2.39), the anions are interlinked by 
0-H. . .0 hydrogen bonds to generate an infinite (HCsO,)- chain running parallel to 
the [010] direction. Although the 0 - H group of the hydrogen oxalate ion adopts a 
synplanar 0=C-0 -H conformation, the chain is not straight but a zigzag type in 
which successive oxalate moieties are alternately arranged left and right of the single 
0-H. ..0 hydrogen bond between them. Within this chain all atoms are essentially co-
planar, the torsion angle C(4h)-0(3h)...0(l)-C(3) being -171.1°，and the mean 
atomic deviation from the plane of two adjacent oxalate ions is 0.21 A. Two 
• ^ ^ ^ ; ; ^ ^ 、 : 、 
/ ^ ^ ^ ^ ^ 〜 广 1 _ 、 、 、 
n ^ ^ ^^ 够-丫丨 
^ - - ^ ^ ¾ 
v L ^ ^ ^ ^ ^ = ^ ™ = = ^ ^ ^ 
^ ^ ^ ^ 
、 • ^ 
Fig. 2.2.38. Perspective view of the layer structure of (w-C4H9)4N^C204、2(NH2)2CS 
(2.2.18). Broken lines represent hydrogen bonds, and atom types are 
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Fig. 2.2.39. Projection drawing of the thiourea-hydrgen oxalate anionic layer parallel to 
(100) in the crystal structure of 2.2.18. Broken lines represent hydrogen 
bonds. 
independent thiourea molecules are linked by N-H...S hydrogen bonds in a head-to-
tail mode to generate a dimer. These thiourea dimers together with the hydrogen 
oxalate chains form a broad, virtually unpuckered ribbon in which the thiourea 
molecule C(2) (composed of atoms S(2), C(2), N(3) and N(4)) fits an indent in the 
chain and forms four N-H...0 hydrogen bonds with three adjacent hydrogen oxalate 
ions. Within this ribbon the other independent thiourea molecule C(1) (composed of 
S(1), C(1), N(1) and N(2)) forms one N-H...0 donor hydrogen bond with a hydrogen 
oxalate anion and an additional S. ..H-N acceptor hydrogen bond with C(2) belonging 
to a neighboring thiourea dimer. In this wide, approximately planar thiourea-anion 
ribbon, the extent of deviation ofits components from planarity can be seen from the 
relevant torsion angles: C(2W-N(3W...O(l)-C(3) = 36.2, C(l)-N(2)...0(2)-C(3)= 
171.5 and C(2)-N(3)...0(4)-C(4) = 160.7。. With these thiourea-anion ribbons 
arranged side by side, pairs of inter-ribbon N-R..S hydrogen bonds are generated 
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between C(1) molecules across inversion centers to build a two-dimensional infinite 
layer. 
As shown in Fig. 2.2.38, the distance separating two adjacent thiourea-
hydrogen oxalate layers is 7.703 A, and between them there is a layer composed of 
stacked columns of cations. The tetra-w-butylammonium cations (w-C4H9)4N+ are 
well ordered and have normal dimensions, except that one methyl group located at 
the end of an alkyl chain deviates from the idealized 42m {D2d) conformation. 
Table 2.2.15. Selected bond distances (為，bond angles (。) and torsion angles (。) in the 
thiourea-anionic systems* 
(w-C4H9)4N^C204 -2OVH2)2CS (2.2.18) 
(i) Thiourea and hydrogen oxalic molecules 
S(l)-C(l) 1.690(3) C( l ) -N( l ) 1.329(5) 
C(l)-N(2) 1.335(5) S(2)-C(2) 1.686(4) 
C(2)-N(3) 1.315(5) C(2)-N(4) 1.334(4) 
C(3)-C(4) 1.551(4) C(3)-0(1) 1.245(5) 
C(3)-0(2) 1.214(5) CX4)-0(3) 1.292(5) 
C(4)-0(4) 1.206(5) 
S(l)-C(l)-N(l) 120.6(3) S(l)-C(l)-N(2) 122.8(3) 
N(l)-C(l)-N(2) 116.6(3) S(2)-C(2)-N(3) 121.7(2) 
S(2)-C(2)-N(4) 120.8(3) N(3)-C(2)-N(4) 117.5(3) 
CX4)-C(3)-0(1) 114.7(3) CX4)-C(3)-0(2) 119.1(3) 
0(l)-C(3)-0(2) 126.2(3) C(3)-C(4)-0(3) 114.9(3) 
C(3)-CX4)-0(4) 120.2(3) 0(3)-C(4)-0(4) 124.9(3) 
(ii) Hydrogen bonding 
N(le)〜S(l) 3.540 N(4b)."S(l) 3.549 
N(l)...S(2) 3.544 N(2)...S(2) 3.617 
0(3h)...0(l) 2.436 N(3h)...0(l) 2.866 
N(2)...0(2) 3.033 N(4b)...0(2) 2.884 
N(3h)...0(3) 3.103 N(3)...0(4) 3.017 
N(le)...S(l)-C(l) 111.6 N(4b)...S(l)-C(l) 110.2 
N(le)...S(l)...N(4b) 138.2 N(l)...S(2)-C(2) 156.2 
N(2)...S(2)-C(2) 119.5 N(l)...S(2)...N(2) 36.9 
0(3乜)丨0(1)-€(3) 120.9 N(2)...0(2)-C(3) 122.0 
N(4b)...0(2)-C(3) 143.4 N(3h)...0(3)-C(4) 123.6 
N(3h)...0(3)...0(lg) 123.1 0(lg)...0(3)-C(4) 112.1 
N(3)...CK4)-C(4) 132.7 
€(16)卿6)一8(1)-。(1) 4.1 C(l)-N(l)...S(2)-C(2) 3.3 
C(l)-N(2)...S(2)-C(2) -170.3 C(2h)-N(3h)〜0(l)-C(3) 36.2 
C(4h)-0(3h)—0(l)-C(3) -171.1 〇(1)-> (^2)一0(2)-€(3) 171.5 
C(2)-N(3)...CK4)-C(4) 160.7 
*Symmetry transformations: 
a (X, -l+y, z); b (x, l+y, z); c (1-x, -y, l-z); d (1-x, 2-y, l-z); 
e (1-x, l-y, l-z) g (1.5-x, -0.5+y, 0.5-z); h (1.5-x, 0.5+y, 0.5-z) 
Standard deviations in hydrogen bond lengths and bond angles: 
a (/) « 0.005 A, a {0) « 0.3 ° 
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Crystal Structure of(CH3)4>THC4H204-. Qm,),CS (2.2.19) 
The atom labeling and hydrogen-bonding scheme in compound 2.2.19 are shown in 
Fig. 2.2.40. One carboxyl group of the hydrogen fumarate ion, HC4H2O4', exhibits 
distinct carboxyl and carbonyl C-0 bonds: C(5)-0(3) = 1.286 versus C(5)=0(4)= 
1.207 A Unlike those in the crystal structure of the pure acid, the hydrogen fumarate 
ions are inter-linked by a pair of C-H ..0 hydrogen bonds and a 0-H. . .0 hydrogen 
bond in the antiplanar 0=C-0 -H conformation, generating a co-planar (HC4H2O4% 
chain running parallel to the a axis. The lengths of these hydrogen bonds, 
C(3a)...0(3) = 3.216，C(4c)...0(2) = 3.194 and 0(3c)."0(2) = 2.522 A are slightly 
shorter than the average distances for both known crystalline forms of fumaric acid 
[C-H...0 = 3.44 and 0-H. . .0 = 2.680 A , respectivelyi"'^'^^^ The 
O02c % y ^ S o 
參：。^ J , T ^ \ 
。發 ^ -'^--'-1 
¢ 8 ? ^ ^ ¾ ! ^ 
04CX^^J |^ \ 义 、 - < ^ , A � � � r � � 
^ ¾ ¾ : : ¾ ' . A 
c ^ ^ � i � ^ N A 
0 4 a C C ^ ^ ^ b 
Tc5a 
03a6-..^  
Fig. 2.2.40. The hydrogen-bonding scheme in a thiourea-fumarate wide ribbon in the 
ctystal structure of ( C ^ N ^ C q H z C V . _ 2 ) 2 C S (2.2.19). Broken lines 
represent hydrogen bonds. 
thiourea molecule together with its centrosymmetrically-related partner are 
consolidated by a pair of N-H...S hydrogen bonds to yield a cyclic dimer, in which 
there is an appreciable dihedral angle between the molecular planes, as shown by the 
torsion angle C(lb)-N(lb)...S(l)-C(l) = 22.9°. The thiourea dimers located at 
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inversion centers each cross-links two hydrogen fumarate chains with three N-H. . .0 
hydrogen bonds on each side, two in the synplanar and one in the antiplanar 
conformation, to generate a wide composite ribbon whose cross-section resembles 
the tilde symbol “〜，，，as shown in Fig. 2.2.41. 
The (CH3)4N+ cations are accommodated in a straight column, and the 
crystal structure is built o f a packing of thiourea-anion composite ribbons and 
cationic columns. 
9 9 
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Fig. 2.2.41. Stereodrawing of the crystal structure of 2.2.19 showing the packing of 
(CH3)4N^ ions between the wide ribbons. The origin of the unit cell lies at the 
lower left comer, with a towards the reader, b pointing from left to right and 
c upwards. Broken lines represent hydrogen bonds，and atom types are 
distinguished by size and shading. 
Table 2.2.16. Selected bond distances (為’ bond angles (。) and torsion angles (。) in the 
thiourea-anionic systems* 
(CH3)4N^C4H204 -O^H2)2CS (2.2.19) 
(i) Thiourea and hydrogen fumarate molecules 
S( l )-C( l ) 1.694(3) Q l ) - N ( l ) 1.320(3) 
C(l)-N(2) 1.331(4) 0( l ) -C(2) 1.237(4) 
0(2)-C(2) 1.242(3) C(2)-C(3) 1.488(4) 
C(3)-C(4) 1.267(3) C(4)-C(5) 1.480(4) 
C(5)-0(3) 1.286(3) C(5)-0(4) 1.207(4) 
S( l ) -C( l ) -N( l ) 122.6(2) S(l)-C(l)-N(2) 120.8(2) 
N(l)-C(l)-N(2) 116.7(2) 0( l)-C(2)-0(2) 123.7(3) 
0(l)-C(2)-C(3) 120.0(2) 0(2)-C(2)-C(3) 116.4(3) 
C(2)-C(3)-C(4) 126.4(3) C(3)-CX4)-C(5) 124.7(3) 
C(4)-C(5)-0(3) 116.5(3) C(4)-C(5)-0(4) 123.1(2) 
0(3)-C(5)-0(4) 120.4(3) 
(ii) Hydrogen bonding 
N(lb)...S(l) 3.527 N(1)...0(1) 2.966 
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Table 2.2.16. (continued) 
N(2a)...0(l) 3.057 N(2)...0(2) 2.844 
0(3c)...0(2) 2.522 C(4c)...0(2) 3.194 
C(3a)...0(3) 3.216 
N(lb). . .S(l)-C(l) 113.1 N(l) . . .0( l)-C(2) 114.8 
N(2a)...0(l)-C(2) 137.2 N(2)...0(2)-C(2) 118.4 
0(3c)...0(2)-C(2) 118.1 C(4c)...0(2)-C(2) 163.8 
N(2)...0(2)...0(3c) 123.5 N(2)...0(2)...C(4c) 76.8 
0(3c)...0(2)...C(4c) 46.9 C(3a)...0(3)-C(5) 160.5 
C(3a)...0(3)...0(2a) 45.8 
C(lb)-N(lb).. .S(l)-C(l) 22.9 C(l)-N(l) . . .0( l)-C(2) -29.8 
C(l)-N(2)...0(2)-C(2) -3J^ C(5c)-0(3c)...0(2)-C(2) 170.6 
*Symmetry transformations: 
a ( - l+x, y, z); b (2-x, l-y, l -z); c ( l+x, y, z) 
Standard deviations in hydrogen bond lengths and bond angles: 
a (0 « 0.005 A , a (0) « 0.3。 
Crystal Structure of[(C2H5)X]2C4H204''- 2(^,),CS (2.2.20) 
Compound 2.2.20 features a sandwich-like crystal structure built up from 
undulate layers. The layer structure may be conveniently described with reference to 
the hydrogen bonding scheme shown in Fig. 2.2.42 and Table 2.2.17. The fumarate 
dianion is located at a site of symmetry T. The thiourea molecule together with its 
centrosymmetrically related partner are consolidated by a pair of N-H...S hydrogen 
bonds to yield a cyclic dimer. Each thiourea molecule forms a pair o fN -R . .O donor 
hydrogen bonds in the synplanar manner with one carboxylate group of the fumarate 
ion, and also one antiplanar-type hydrogen bond with the carboxylate group that is 
related to the first one by inversion symmetry. The cyclic arrangement of four 
hydrogen bonds alout one set of inversion centers generates a series of infinite 
thiourea-anion layers matching the (002) family of planes. For each layer the extent 
ofdeviation ofits molecular components from planarity can be seen from the relevant 
torsion angles: C(la)-N(2a)...S(l)-C(l) = 14.0，C(l)-N(l)...0(l)-C(3) = 16.6, 
CXl)-N(2)...0(2)-C(3) = 23.9 and C(lb)-N(lb)...0(l)-C(3) = 24.1。. 
The interlayer spacing of c / 2 = 7.309 A is slightly smaller than the 
corresponding values for a similar layer structure with tetraethylammoniuum cations 
accommodated in the thiourea-bicarbonate-water lattice (b/2 = 7.465 為 in 
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orthorhombic (QHsX^THCOs、OSIKQzCS. H2O)/^^ as may be expected in view of the 
approximate co-planarity oflayers in 2.2.20. 
A stereo view of the crystal structure is illustrated in Fig. 2.2.42. I t is seen 
that the tetrahedral (C2H5)4N^ cation, which is well ordered and nearly attains its 
idealized 222 molecular symmetry, are located in the space between the layers. 
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Fig. 2,2.42. Projection drawing of a hydrogen-bonded thiourea-acetate anionic layer 
parallel to (001) in [ ( C z ^ N ^ C d H z O , . 2 _ 2 ) 2 C S (2.2.20). Broken 
lines represent hydrogen bonds. 
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Fig. 2.2.43. Stereodrawing of the layer structure of 2.2.20, The origin of the unit cell 
lies at the upper right comer, with a towards the reader, b pointing from 
right to left and c downwards. Broken lines represent hydrogen bonds, 
and atom types are distinguished by size and shading. 
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Table 2.2.17. Selected bond distances ( ^ , bond angles (。）and torsion angles (。）in the 
. thiourea-anionic systems* 
[(C2H5)4Nl2C4H2O4' -2(NH 2)2CS (2.2.20) 
(i) Thiourea and fumarate molecules 
S(l)-C(l) 1.704(3) C( l ) -N( l ) 1.327(3) 
C(l)-N(2) 1.328(4) C(2)-C(3) 1.524(4) 
C(2)-C(2A) 1.283(6) C(3)-0(1) 1.258(4) 
C(3)-0(2) 1.226(4) 
S( l ) -C( l )-N( l ) 121.6(2) S(l)-C(l)-N(2) 122.2(2) 
N(l)-C(l)-N(2) 116.2(2) C(3)-C(2)-C(2A) 123.0(4) 
C(2)-C(3)-0(1) 122.4(3) C(2)-C(3)-0(2) 113.4(3) 
0(l)-C(3)-0(2) 124.2(3) 
(ii) Hydrogen bonding 
N(2a)...S(l) 3.547 N(1)...0(1) 2.899 
N( lb) . . .0( l ) 2.914 N(2)...0(2) 2.778 
N(2a)...S(l)-C(l) 104.8 N(l)...0(l)-C(3) 113.3 
N(lb)...0(l)-C(3) 161.3 N(l). . .0(l). . .N(lb) 85.3 
N(2)...0(2)-C(3) 118.6 
C(la)-N(2a)—S(l)-C(l) 14.0 C(l)-N(l)〜0(l)-C(3) 16.6 
C(lb)-N(lb)...Q(l)-C(3) ^ C(l)-N(2)...0(2)-C(3) 23.9 
*Symmetry transformations: 
a ( l-x, 2-y, -z); b (-x, 2-y, -z); c (-x, l-y, -z) 
Standard deviations in hydrogen bond lengths and bond angles: 
CT (0 « 0.004 A , a {0) « 0.3。 
Crystal Structure of(w-C3H7)4N^C4H204 ' Q m , \ C S ' 2 R f i (2.2.21) 
In the crystal structure of 2.2.21，the thiourea, hydrogen fumarate ions and 
water molecules are interconnected by hydrogen bonds to form wide puckered 
ribbons, which are cross-linked to generate a three-dimensional host framework 
containing open channels. The hydrogen bonding scheme is shown in Fig. 2.2.44. As 
in the case of compound 2.2.19, one carboxyl group of the hydrogen fumarate ion 
exhibits distinctly different C-0 bonds orders with C(2)-0(1) = 1.309 and C(2)=0(2) 
=1.205 A. Two centrosymmetric thiourea molecules are connected by a pair o f N -
H".S hydrogen bonds to form a dimer, and likewise the hydrogen fumarate ions and 
water molecules are organized into cyclic centrosymmetric tetramers each 
consolidated by pairs of 0(hydroxyl)...0(2W) and 0(2w). .,0(carbonyl) hydrogen 
bonds. These dimers and tetramers are linked by N-H..O(carbonyl) hydrogen bonds 
and also bridged by the second water molecule 0(1W), forming 0 ( 1W)... 0(carbonyl) 
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and 0(1W)" .S hydrogen bonds, to build a puckered ribbon running through the 
structure in the direction of [011]. At a location which is one-half translation away 
along the a axis, these is a similar ribbon which extends in the [011] direction. Pairs 
o f N-H. . .0 and 0(2W)-H. . .0 ( lW) hydrogen bonds are formed between adjacent 
ribbons to link these two criss-cross series of ribbons into a three-dimensional 
framework containing open uni-directional channels, as shown in Fig. 2.2.45. 
Two independent (w-C3H7)4N+ cations occupy special positions o f site 
symmetry 2: atoms N(3) and N(4) are situated at (¼ y，^ and ( ^ y，V), respectively. 
These well-ordered cations are arranged in a single column within each channel to 
form a typical channel-like structure (Fig. 2.2.45). 
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Fig. 2.2.44. Hydrogen-bonded layer in ( w - C s ^ N ^ C q l ^ C V . CNH2)2CS (2.2.21) 
formed by ribbons contructed from thiourea dimers and cyclic hydrogen 
fumarate-water tetramers. Broken lines represent hydrogen bonds. 
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Fig. 2.2.45. Stereodrawing of the channel structure of 2.2.21. The origin of the unit 
cell lies at the upper right comer, with a towards the reader, b pointing 
from right to left and c downwards. Broken lines represent hydrogen 
bonds, and atom types are distinguished by size and shading. For clarity 
the enclosed (rt-C3H7)4N^ ions are represented by large shaded、circles. 
Structural Features and Relationships 
The present series of three thiourea-quaternary ammonium fumarate 
complexes exhibit thiourea-anion lattices which are distinctly different from one 
another, depending on the stoichiometric ratio of thiourea to fumarate ion and co-
crystallized water molecules. Compound 2.2.20 (2:1) has fumarate dianions 
incorporated into a two-dimensional host framework, whereas in 2.2.21 (1:1) 
hydrogen fumarate ions and co-crystallized water molecules are involved in building a 
three-dimensional channel-type host lattice, whereas in anhydrous complex 2.2.19 
(1:1) only a parallel arrangement of separate ribbons can be constructed from the 
thiourea and hydrogen fumarate building blocks. 
The hydrogen fiimarate anions in 2.2.19 and 2.2.21 each contains a carboxyl 
fragment with distinct carbonyl and hydroxyl oxygen atoms [average values C=0 
1.207 and C-OH 1.298 A are close to those in the triclinic and monoclinic 
modifications offumaric acid, 1.225 and 1.292 A^^^ and a carboxylate fragment with 
nearly equal C-0 bond lengths of average 1.241 A. 
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Table 2.2.18. Selected bond distances ( ^ , bond angles (。）and torsion angles (。）in the 
thiourea-anionic systems* 
(w-C3H7)4N^C4H204 -G^H2)2CS 2H 2O (2.2.21) 
(i) Thiourea and hydrogen fumarate molecules 
S(l)-C(l) 1.701(3) C( l ) -N( l ) 1.319(3) 
C(l)-N(2) 1.328(4) 0(l)-C(2) 1.309(4) 
0(2)-C(2) 1.205(3) C(2)-C(3) 1.471(4) 
C(3)-C(4) 1.316(3) C(4)-C(5) 1.502(4) 
C(5)-0(3) 1,247(3) C(5)-0(4) 1.241(4) 
S(l)-C(l)-N(l) 121.3(2) S(l)-C(l)-N(2) 121.8(2) 
N(l)-C(l)-N(2) 116.8(2) 0(l)-C(2)-0(2) 122.3(3) 
0(l)-C(2)-C(3) 114.3(2) 0(2)-C(2)-C(3) 123.4(3) 
C(2)-C(3)-C(4) 124.4(3) C(3)-C(4)-C(5) 124.2(3) 
C(4)-C(5)-0(3) 117.3(2) C(4)-C(5)-0(4) 117.9(2) 
0(3)-C(5)-0(4) 124.8(3) 
(ii) Hydrogen bonding 
N(2e)...S(l) 3.533 0(1W)...S(1) 3.300 
0(lc)...0(2W) 2.547 0(lW)...0(2) 2.838 
N(2a)...0(3) 3.095 0(2Wd)...0(3) 2.712 
N(l)...0(4) 2.848 N(la)...0(4) 2.854 
0(2W).. .0( lW) 2.731 
N(2e)...S(l)-C(l) 113.7 0(1W)...S(1)-C(1) 133.2 
N(2e)...S(l)...0(lW) 86.4 0(lW)...0(2)-C(2) 139.3 
N(2a)...0(3)-C(5) 113.8 0(2Wd)...0(3)-C(5) 115.5 
N(2a)...0(3)...0(2Wd) 129.3 N(l)...0(4)-C(5) 162.2 
N(la)...CK4)-C(5) 115.0 N(l)...0(4)...N(la) 82.3 
0(2W)...0(lW)...0(2) 111.0 C(l)-0(l). . .0(2W) 116.8 
0(lc)...0(2W)...0(3f) 115.5 
C(le)-N(2e)—S(l)-C(l) 4.9 C(la)-N(la)...CK4)-C(5) -35.7 
C(la)-N(2a)...0(3)-C(5) ^ C(l)-N(l)...0(4)-C(5) 47.5 
*Symmetry transformations: 
a (0.5-x, y, 0.5-z); b ( l-x, -y, -z); c (1.5-x, y, 0.5-z); 
d (-0.5+x, -y, -0.5+z); e (l-x, l-y, l-z) 
Standard deviations in hydrogen bond lengths and bond angles: 
G (0 « 0.003 A , a (0) « 0.3。 
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2.2.7. Unsymmetrical Quaternary Ammonium Cations R3R'N^ as Guest 
Templates for the Generation of Novel Host Lattices Constructed from 
Thiourea and Oxocarbon Anions 
Crystal Structure of(w-C4H9)3(CH3)N^C204_. 0^2)2CS*H2C2O4 (2.2.22) 
In complex 2.2.22，the thiourea molecules, hydrogen oxalate ions and oxalic 
acid molecules generate a three-dimensional host network containing two channel 
systems that are arranged alternately in the [101] and [101] directions; these channels 
are rather unusual as their boundaries are not clearly demarcated but fused into a 
continuum, as shown in Fig. 2.2.46. Structural details of the thiourea-anion ribbon 
and the linkage of ribbons may be conveniently described with reference to the 
hydrogen bonding scheme shown in Fig. 2.2.47 and Table 2.2.19. 
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Fig.2.2.46. Stereodrawing of the crystal structure of (w-C4H9)3(CH3)N^C204-
• 0SfH2)2CS^*H2C2O4 (2.2.22) showing two fiised channel systems extending 
parallel to the [101] and [10T] directions and the enclosed cations. Broken lines 
represent hydrogen bonds, and atom types are distinguished by size and shading. 
For clarity the enclosed (w-C4H9)3(CH3)N^ ions are represented by large shaded 
circles. 
The hydrogen oxalate ions adopt a synplanar 0=C-0-H conformation and 
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chain, in which the hydrogen oxalate skeletons lie alternately on both sides of the 
connecting line as only a single 0-H. . .0 hydrogen bond exists between two adjacent 
ions. The values of both the torsion angle between two adjacent hydrogen oxalate 
ions, C(2)-0(2)...0(4b)-C(3b) = 147.7°, and the dihedral angle between the two 
planar CO2 fragments of the same hydrogen oxalate ion (28.1。）indicate that this 
chain has a twisted configuration. The only thiourea molecule in the asymmetric unit 
fits into a groove on one side of the chain by forming four N-H.. .0 hydrogen bonds 
with three adjacent hydrogen oxalate ions, thereby generating a thiourea-hydrogen 
oxalate ribbon. For this slightly puckered thiourea-anion ribbon, the extent of 
deviation from planarity can be seen from the relevant torsion angles: C(lb)-
N(lb). . .0( l )-C(2) = -39.5, C(lb)-N(lb)...0(4b)-C(3b) = 37.5 and C(la)-
N(2a)...0(3)-C(3) = 163.1。. Thesethiourea-hydrogen oxalate ribbons are arranged in 
layers along the b axis and their main planes are parallel to the (101), (202), (202) 
and (101) families of planes (Fig. 2.2.45). They are further cross-linked by oxalic acid 
molecules, which lie on the crystallogryphic two-fold axes, to form a three-
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Fig. 2.2.47. Hydrogen-bonded layer in 2.2.22 formed by thiourea-hydrogen oxalate ribbons 
cross-linked by oxalic acid molecules. The direction and orientation of each 
ribbon are indicated. Broken lines represent hydrogen bonds. 
As the separation between one layer of infinite ribbons running through the 
structure in the [101] direction and another layer of ribbons oriented in the same 
direction but shifted laterally with respecte to each other, the unit cell of compound 
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2.2.22 has one unusually long edge [b = 63.661(8)匈，which is rarely found in both 
thiourea and thiourea-anion inclusion compounds. 
The tri-w-butylmethylammonium cation (w_C4H9)3(CH3)N^ is well ordered 
except for one carbon atom of a w-butyl fragment which exhibits twofold disorder. 
When these cations are arranged in a zigzag column within each channel, each has its 
three-fold symmetry axis pointed toward the main planes of the thiourea-hydrogen 
oxalate ribbons, so that the w-butyl groups are accommodated in the wider region of 
the channel. 
Table 2.2.19. Selected bond distances (为，bond angles (。）and torsion angles (。）in the 
thiourea-anionic systems* 
(/f-C4H9)3(CH3)NtC20? (NH2)2CS*H2C204 (2.2.22) 
(i) Thiourea, hydrogen oxalate and oxalic molecules 
S(l)-C(l) 1.711(7) C( l ) -N( l ) 1.309(7) 
C(l)-N(2) 1.331(9) C(2)-C(3) 1.566(6) 
C(2)-0(1) 1.190(8) C(2)-0(2) 1.290(8) 
C(3)-0(3) 1.205(9) C(3)-0(4) 1.283(9) 
C(4)-0(5) 1.282(7) Q4)-0(6) 1.196(9) 
C(4)-C(4A) 1.512(14) 
S(l)-C(l)-N(l) 121.7(6) S(l)-C(l)-N(2) 1 1 9 洲 
N(l)-C(l)-N(2) 118.5(6) C(3)-C(2)-0(1) 121.5(6) 
C(3)-C(2)-0(2) 112.8(5) 0(l)-C(2)-0(2) 125.7(5) 
C(2)-C(3)-0(3) 118.3(6) C(2)-C(3)-0(4) 114.2(6) 
0(3)-C(3)-CK4) 127.5(5) 0(5)-C(4)-0(6) 125.0(7) 
0(5)-CW-C(4A) 113.5(7) 0(6)-CX4)-C(4A) 121.4(6) 
(ii) Hydrogen bonding 
0(5)—S(l) 3.040 N(lb).. .0( l) 2.927 
N(2)...0(2) 2.920 N(2b)...0(3) 3.011 
N(2)...0(4) 2.976 0(2a)...0(4) 2.482 
N(l)...0(6) 3.013 
0(5)...S(1)-C(1) 111.6 N(lb)…0(l)-C(2) 140.1 
N(2)...0(2)-C(2) 118.7 N(2a)...0(3)-C(3) 132.0 
N(2)...0(4)-C(3) 123.3 0(2a)...CX4)-C(3) 110.1 
N(l)...0(6)-C(4) 124.6 
C(2)-0(2)...0(4b)-C(3b) 147.7 C(l)-N(l)...0(6)-C(4) 1.7 
€(4)-0(5)...5山-€(1) 3.5 C(lb)-N(lb)…0(l)-C(2) -39.5 
0(l)-C(2)-C(3)-0(3) ^ 0(5)-C(4)...C(4c)-0(6c) -49.6 
*Symmetry transformations: 
a (0.25+x, 1.25-y, 0.25+z); b (-0.25+x, 1.25-y, -0.25+z); c ( l-x, l-y, z) 
Standard deviations in hydrogen bond lengths and bond angles: 
CT {t) « 0.005 A , CT {G) « 0.3 ° 
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Crystal Structure of [(C2H5)3(w-C3H7)N^]2C03^'- 60sfH2)2CS (2.2.23) 
As shown in Fig. 2.2.48 and Fig. 2.2.49, compound 2.2.23 has two open channel 
systems extending parallel to the [100] and [010] directions. This three-dimensional 
host framework is built of an alternate arrangement oflayers of two types ofthiourea 
double ribbons running in the corresponding channel directions, which are bridged by 
cabonate ions via N-H. . .0 hydrogen bonds. Structural details of the thiourea double 
ribbons may be conveniently described with reference to the hydrogen bonding 
scheme shown in Fig. 2.2.50(a), 2.2.50(b), and Table 2.2.20. 
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Fig. 2.2.48. Stereodrawing of the crystal structure of [(C2H5)3(w-C3H7)N^2C03^ - 60SfH2)2CS 
(2.2.23) showing the channels extending parallel to the [100】direction and the 
enclosed cations. The origin of the unit cell lies at the upper right comer, with a 
towards the reader, b pointing from right to left and c downwards. Broken lines 
represent hydrogen bonds, and atom types are distinguished by size and shading. For 
clarity the enclosed (C2Hs)3(w-C3H7)N^ ions are represented by large shaded circles. 
The two types of double ribbons lie in layers at z = 1/2(type I) and z = 0 (type 
I I ) and extend parallel to the [100] and [010] directions, respectively. In each type of 
double ribbon, three independent thiourea molecules generate a spiral chain similar to 
those found in the crystal structures of urea and thiourea. This kind of spiral chain 
also occurs in thiourea inclusion complexes such as the cyclohexane adduct. ^ ^^  
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Fig. 2.2.49, Stereodrawing of the crystal structure of 2.2.23 showing the channels extending 
parallel to the [010] direction and the enclosed cations. Broken lines represent 
hydrogen bonds，and atom types are distinguished by size and shading. For clarity 
the enclosed (C2H5)3(w-C3H7)N^ ions are represented by large shaded circles. 
As illustrated in Fig. 2.2.50(a), the type I thiourea chain is generated by a 
trimeric unit comprising thiourea molecules C(1) [composed of atoms C(1), S(1), 
N(1) and N(2), and hereafter conveniently referred to as C(1)], C(2) and C(3), and 
the C-N".S-C torsion angles between consecutive thiourea molecules are -41.7，-49.8 
and -67.4°. Two adjacent, parallel chains related by the inversive operation are cross-
linked by pairs ofN-H.. .S hydrogen bonds involving donor N atoms belonging to 
C(1) in one chain and acceptor S atoms belonging to C(2) and C(3) of the other 
chain, so that a double ribbon is formed. The torsion angles between two chains are 
C(l)-N(l)...S(2b)-C(2b) = -110.1 and C(l)-N(2)...S(3b)-C(3b) = -96.8。. These 
twisted thiourea double ribbons, lying side by side and extending parallel to the a 
axis, are located in the (002) plane as shown in Fig. 2.2.48 and Fig. 2.2.50(a). 
The type I I double ribbon is constructed from thiourea molecules C(4), C(5) 
and C(6) and has essentially the same structure as type I，except that the torsion 
angles between C(4) and adjacent molecules have much larger values, namely C(6g)-
N(12g)...S(4)-C(4) = -71.5 and C(4)-N(7)...S(5)-C(5) = -68.6。. These thiourea 
double ribbons run in the [010] direction and are arranged in a layer in the (001) 
plane, as showing in Fig. 2.2.49 and Fig. 2.2.50(b). 
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Fig. 2.2.50. Hydrogen-bonded thiourea double ribbons in 2.2.23. (a) Type I double ribbon 
running parallel to the a axis at z = 1/2; (b) Type I I double ribbon running 
parallel to the b axis at z = 0. Broken lines represent hydrogen bonds. 
The carbonate ion plays an important role in generating the host lattice. The 
0(1) and 0(2) oxygen atoms each forms three acceptor hydrogen bonds in which 
two donor N atoms belong to adjacent double ribbons of the same type and one 
donor N atom belongs to a double ribbon of the other type: e.g. in the 0(l)...N(8), 
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0(l) . . .N( lOc) and 0( l) . . .N(3) hydrogen bonds, N(8) and N(lOc) belong to Type I I 
but N(3) belongs to Type I [Fig. 2.2.50(a)]. Thus a three-dimensional framework 
containing two open channel systems is built from two different types of thiourea 
double ribbons that are bridged by carbonate anions. Stacked columns of well-
ordered N(13) (C2H5)3(«-C3H7)N+ cations are accommodated in channels extending 
in the [100] direction (Fig. 2.2.48), and likewise single columns of N(14) cations 
occupy channels extending in the [010] direction (Fig. 2.2.49). 
Table 2.2.20. Selected bond distances ( ^ , bond angles (。）and torsion angles (。）in the 
thiourea-anionic systems* 
[(C2Hs)3(w-C3H7)Nl2C03^ - 6(NH2)2CS (2.2.23) 
(i) Thiourea and carbonate molecules 
S(l)-C(l) 1.705(3) C( l ) -N( l ) 1.327(4) 
C(l)-N(2) 1.320(6) S(2)-C(2) 1.722(3) 
C(2)-N(3) 1.328(4) C(2)-N(4) 1.322(6) 
S(3)-C(3) 1.715(3) C(3)-N(5) 1.317(5) 
C(3)-N(6) 1.330(4) 呂⑷-匚⑷ 1.707(3) 
C(4)-N(7) 1.320(5) CX4)-N(8) 1.330(5) 
S(5)-C(5) 1.720(4) C(5)-N(9) 1.323(4) 
C(5)-N(10) 1.317(6) S(6)-C(6) 1.686(4) 
C(6)-N(11) 1.324(6) C(6)-N(12) 1.335(4) 
C(7)-0(1) 1.293(5) C(7)-0(2) 1.292(5) 
C(7)-0(3) 1.277(4) 
S( l ) -C( l )-N( l ) 121.4(3) S(l)-C(l)-N(2) 120.3(3) 
N(l)-C(l)-N(2) 118.3(3) S(2)-C(2)-N(3) 120.4(3) 
S(2)-C(2)-N(4) 121.4(2) N(3)-C(2)-N(4) 118.2(3) 
S(3)-C(3)-N(5) 120.9(3) S(3)-C(3)-N(6) 121.6(3) 
N(5)-C(3)-N(6) 117.5(3) S(4)-C(4)-N(7) 121.3(3) 
S(4)-CX4)-N(8) 121.6(3) N(7)-C(4)-N(8) 117.1(3) 
S(5)-C(5)-N(9) 120.6(4) S(5)-C(5)-N(10) 120.6(3) , 
N(9)-C(5)-N(10) 118.7(3) S(6)-C(6)-N(11) 120.9(3) 
S(6)-C(6)-N(12) 122.2(4) N(ll)-C(6)-N(12) 116.9(4) 
0(l)-C(7)-0(2) 119.3(3) 0(l)-C(7)-0(3) 120.4(3) ‘ 
0(2)-C(7)-0(3) 120.4(3) • 
(ii) Hydrogen bonding 
N(4)...S(1) 3.512 N(6d)...S(l) 3.445 
N(2)...S(2) 3.373 N(2b)...S(2) 3.281 
N(3)...S(2) 3.436 N(3)...S(3) 3.502 
N(la)...S(3) 3.386 N(lb)...S(3) 3.561 
N(9)...S(4) 3.592 N(12g)...SW 3.510 
N(7)...S(5) 3.463 N(ll)...S(5) 3.523 
N(ll i)...S(5) 3.308 N(12i)...S(5) 3.767 
N(8f)...S(6) 3.587 N(10)...S(6) 3.990 
N(3)...0(1) 2.869 N(8)...0(1) 2.903 
N(10)...0(1) 2.812 N(5)...0(2) 2.744 
N(7)...0(2) 2.778 N(4)...0(3) 2.829 
N(6)...0(3) 2.879 N(9)...0(3) 2.881 
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Table 2.2.20. (continued) 
N(6d)...S(l)-C(l) M 2 N(4)...S(1)-C(1) ¥ n 
N(4)...S(l)...N(6d) 159.5 N(2)...S(2)...N(2b) 66.2 
N(2b)."S(2)...N(3) 114.5 N(2)...S(2)...N(3) 164.2 
N(la)...S(3)...N(lb) 99.6 N(lb)...S(3)...N(3) 81.9 
N(3)...S(3)...N(la) 163.9 N(9)...S(4)-C(4) 92.5 
N(12g)…S(4)-C(4) 94.3 N(7)...S(5)...N(11) 154.1 
N(11)...S(5)...N(1 ld) 67.1 N(7)...S(5)...N(1 l i ) 112.9 
N(8f)...S(6)-C(6) 93.5 >^(3)吣0(1)...1^(8) 136.6 
N(3)...0(l)...N(10) 109.1 N(8)...0(l)...N(10) 92.0 
N(4)...0(2)...N(6) 98.9 N(4)...0(2)...N(10) 104.0 
N(6)…0(2)…N(9) 131.3 N(5)...0(3)...N(7) 130.8 
C(3d)-N(6^. .S( l ) -C( l ) -41.7 C(l)-N(2)...S(2)-C(2) -49.8 
C(2)-N(3)...S(3)-C(3) ^67.4 C(3)-N(5)...S(2)-C(2) -62.2 
C(2)-N(4)...S(1)-C(1) -54.8 C(l)-N(l)...S(3d)-C(3d) -46.1 
C(l)-N(l)...S(3b)-C(3b) -96.8 C(l)-N(2)...S(2b)-C(2b) -110.1 
C(6g)-N(12g)...SW-C(4) -71.5 CX4)-N(7)...S(5)-C(5) -68.6 
C(5)-N(9)...S(4)-C(4) ^0 .8 Q4)-N(8)...S(6g)-C(6g) -68.0 
C(6i)-N(lli)...S(5)-C(5) ^ C(6)-N(ll)...S(5)-C(5) -41.3 
*Symmetry transformations: 
a ( - l+x, y，z); b ( l -x, l-y, l-z); c (-x, 2-y, -z); 
d ( l+x, y, z); e (-x, 2-y, l-z); f (x, l+y, z); 
g (X, l+y, -z); h (l-x, 2-y, -z); i (l-x, l-y, -z) 
Standard deviations in hydrogen bond lengths and bond angles: 
a (0 « 0.009 A, a {G) « 0.9。 
Crystal Structure of2[(CH3)3(C6H5)N^]2CO32-. ii(NH2)2CS.H2O (2.2.24) 
Compound 2.2.24 features a channel-type structure, which comprises 
infinite thiourea chains running parallel to the [lTl] direction, together with 
hydrogen-bonded thiourea-carbonate layers which are oriented almost perpendicular 
to the chains and parallel to the (022) family of planes, as shown in Fig. 2.2.50. 
Fig. 2.2.51 shows a portion of the thiourea chain, in wich five independent 
thiourea molecules in the asymmetric unit are linked by N-H. . .S hydrogen bonds in 
the usual shoulder-to-shoulder manner to form a pentamer, and an infinite thiourea 
chain is generated from similar linkage involving successive pairs of 
centrosymmetrically-related pentamers. All of the atoms in a chain are approximately 
co-planar, as can be assessed by the mean deviation of0.14 Afrom the least-squares 
plane ofthe five thiourea molecules. 
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Fig. 2.2.51. Stereodrawing ofthe crystal structure of2[(CH3)3(C6H5)N%CO32-. ll(NH2)2CS 
• H2O (2.2.24). The origin of the unit cell lies at the upper left corner, with a 
pointing from left to right, b towards the reader and c downwards. Broken lines 
represent hydrogen bonds, and atom types are distinguished by size and shading. 
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Fig. 2.2.52. Portion of a zigzag thiourea ribbon running parallel to the [111] direction in 
2.2.24, The atom labels correspond to those given in Table 2.2.21. 
The other six thiourea molecules in the asymmetric unit, together with two 
carbonate anions, are involved in forming a nearly planar hydrogen bonded layer. The 
atom-labeling scheme and hydrogen-bonding interactions in this layer are shown in 
Fig. 2.2.53(a). Thiourea molecules C(6) and C(7) are connected by a pair ofN-H...S 
hydrogen bonds to form a dimer, in which there is an appreciable dihedral angle 
between their molecular planes, as shown by the torsion angles C(6)-N(12)..,S(7)-
C(7) = -34.1 and C(7)-N(13)...S(6)-C(6) = -49.0。. Thiourea molecules C(9) and 
C(10) behave likewise, the corresponding torsion angles being C(9)-N(18)...S(10)-
C(10) = -16.4 and C(10)-N(19)...S(9)-C(9) = -31.9。. The remaining thiourea 
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molecules C(8) and C ( l l ) each pairs up with a carbonate ion [C(12) and C(13), 
respectively] to form a hetero-dimer consolidated by a pair of N-H.. .0 hydrogen 
bonds. Each thiourea dimer is linked with a thiourea-carbonate hetero-dimer by a pair 
ofN-H.. .O hydrogen bonds to yield a tetramer. These isostructural and independent 
tetramers (highlighted by shading in Fig. 2.2.52(a)) serve as building blocks to 
generate a thiourea-carbonate layer matching a (022) plane. Alternatively, the 
building blocks ofthis type of layer can be constructed from cyclic, centrosymmetric 
thiourea hexamers each having two protruding arms (highlighted by shading in Fig. 
2.2.53(b)) that are bridged by the carbonate ions. 
讀 ¥ 3 # ! ? 凡 
偏 _ % ^ ? # ^ :^ ¾?¾::¼¾¾ ^¾¾¾¾¾, 
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Fig. 2.2.53. (a) Hydrogen-bonded layer in 2.2.24 formed by thiourea-carbonate tetramers. (b) 
Hydrogen-bonded layer in 2.2.24 formed by cetrosymmetric thiourea hexamers 
linked by carbonate ions. Broken lines represent hydrogen bonds. 
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Finally, cross-linkage of the almost mutually perpendicular thiourea chains 
and thiourea-carbonate layers gives rise to a three-dimensional host lattice containing 
an open channel system running parallel to the [ l T l ] direction, as illustrated in Fig. 
2.2.51. Al l four trimethylphenylammonium cations in the asymmetric unit are 
arranged, sequentially and in an anti-parallel fashion, in a zigzag column with their 
phenyl groups oriented parallel to one another within each channel. The water 
molecule located at the origin makes no contribution in consolidating the hydrogen-
bonded host lattice and its role is limited to that of a casual additional guest. The 
nearest contact between 0(1W) and its neighbors is that with methyl carbon atom 
C(33e) of the trimethylphenylammonium cation at 3.371(4) A and the shortest 
H...O(lW) distance is about 2.88^ which lies within the range H...0 1.5-3.0Afor C-
H...0 hydrogen bonds.222 Thus the water molecule fills a void between two 
centosymmetrically-related organic cations and is stabilized by a pair of diagonally-
opposed C-H. . .O(lW) hydrogen bonds. 
Table 2.2.21. Selected bond distances 0¾ bond angles (。）and torsion angles (。）in the 
thiourea-anionic systems* 
2[(CH3)3(C6Hs)N^2C03' -ll(NH2)2CS H2O (2.2.24) 
(i) Thiourea and carbonate molecules 
S(l)-C(l) 1.718(3) C(l)-N(l) 1.297(4) 
C(l)-N(2) 1.321(4) S(2)-C(2) 1.701(3) 
C(2)-N(3) 1.324(4) C(2)-N(4) 1.330(4) 
S(3)-C(3) 1.710(3) C(3)-N(5) 1.335(5) 
C(3)-N(6) 1.316(4) SW-C(4) 1.707(3) 
C(4)-N(7) 1.306(5) C(4)-N(8) 1.319(4) 
S(5)-C(5) 1.722(3) C(5)-N(9) 1.313(4) 
C(5)-N(10) 1.294(4) S(6)-C(6) 1.676(4) 
C(6)-N(11) 1.333(5) C(6)-N(12) 1.317(4) 
S(7)-C(7) 1.714(3) C(7)-N(13) 1.306(4) 
C(7)-N(14) 1.335(5) S(8)-C(8) 1.719(5) 
C(8)-N(15) 1.301(4) C(8)-N(16) 1.310(4) 
S(9)-C(9) 1.653(3) C(9)-N(17) 1.357(4) 
C(9)-N(18) 1.332(5) S(10)-C(10) 1.711(3) 
C(10)-N(19) 1.309(4) C(10)-N(20) 1.336(5) 
S ( l l ) -C ( l l ) 1.707(4) C(ll)-N(21) 1.305(4) 
C(ll)-N(22) 1.323(4) C(12)-0(1) 1.296(5) 
C(12)-0(2) 1.282(4) C(12)-0(3) 1.253(4) 
C(13)-0(4) 1.295(5) C(13)-0(5) 1.295(4) 
C(13)-0(6) 1.263(3) 
S(l)-C(l)-N(l) 121.1(3) S(l)-C(l)-N(2) 119.9(2) 
N(l)-C(l)-N(2) 119.0(3) S(2)-C(2)-N(3) 121.7(3) 
S(2)-C(2)-N(4) 121.3(3) N(3)-C(2)-N(4) 116.9(2) 
S(3)-C(3)-N(5) 121.3(2) S(3)-C(3)-N(6) 120.9(3) 
N(5)-C(3)-N(6) 117.8(3) SW-C(4)-N(7) 121.0(3) 
S(4)-C(4)-N(8) 120.6(3) N(7)-C(4)-N(8) 118.3(2) 
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Table 2.2.21. (continued) 
S(5)-C(5)-N(9) 120.5(2) S(5)-C(5)-N(10) 121.0(2) 
N(9)-C(5)-N(10) 118.4(2) S(6)-C(6)-N(11) 120.7(2) 
S(6)-C(6)-N(12) 122.4(3) N(l l)-C(6)-N(12) 116.9(3) 
S(7)-C(7)-N(13) 121.6(3) S(7)-C(7)-N(14) 119.6(2) 
N(13)-C(7)-N(14) 118.8(2) S(8)-C(8)-N(15) 120.1(2) 
S(8)-C(8)-N(16) 121.0(3) N(15)-C(8)-N(16) 118.9(4) 
S(9)-C(9)-N(17) 121.1(3) S(9)-C(9)-N(18) 123.4(2) 
N(17)-C(9)-N(18) 115.5(2) S(10)-C(10)-N(19) 121.6(3) 
S(10)-C(10)-N(20) 120.1(2) N(19)-C(10)-N(20) 118.3(3) 
S(11)-C(1 l)-N(21) 120.9(2) S(11)-C(1 l)-N(22) 122.7(3) 
N(21)-C(l l)-N(22) 116.4(3) 0(l)-C(12)-0(2) 115.6(3) 
0( l)-C(12)-0(3) 121.8(3) 0(2)-C(12)-0(3) 122.6(4) 
0(4)-C(13)-0(5) 116.1(2) CX4)-C(13)-0(6) 121.1(3) 
0(5)-C(13)-0(6) 122.7(3) 
(ii) Hydrogen bonding 
N(2g)〜S(l) 3.449 N(3)...S(1) 3.577 
N(l)...S(2) 3.434 N(5)...S(2) 3.396 
N(4)...S(3) 3.471 N(8)...S(3) 3.425 
N(6)...S(4) 3.388 N(9)...S(4) 3.519 
N(7)...S(5) 3.341 N(10h)...S(5) 3.467 
N(13)...S(6) 3.505 N(12)...S(7) 3.374 
N(12c)...S(7) 3.417 N(20)...S(8) 3.427 
N ( _ . . S ( 8 ) 3.371 N(19 [S(9 ) 3.524 
N(17)...S(10) 3.455 N(17f)...S(10) 3.305 
N(14)...S(11) 3.438 N( l lc ) . . .S( l l ) 3.403 
N( l ) . . .0( lg) 2.897 N(13)...0(1) 2.832 
N( l l e )〜0( l ) 2.719 N(15)...0(2) 2.770 
N(2)...0(2g) 2.970 N(14)...0(2) 2.860 
N(16)...0(3) 2.805 N(22b)...0(3) 2.937 
N(4)...0(4a) 2.862 N(18)...0(4) 2.730 
N(19)...0(4) 2.925 N(3)...0(5a) 2.929 
N(20)...0(5) 2.918 N(21)...0(5) 2.714 
N(9)...0(6b) 3.099 N(10)...0(6b) 3.042 
N(16a)...0(6) 3.069 N(22)...0(6) 2.890 
C(33e)...0(lW) 3.371 
C(lg)-N(2g)〜S(l)-C(l) -13.7 C(l)-N(l)...S(2)-C(2) 23.0 
C(2)-N(4)...S(3)-C(3) -13.7 C(3)-N(6)...S(4)-Q4) 11.5 
C(4)-N(7)...S(5)-C(5) 36.4 C(5)-N(10)...S(5h)-C(5h) 8.3 
C(6)-N(12)...S(7)-C(7) -34.1 C(7)-N(13)...S(6)-C(6) -49.0 
C(10)-N(19)...S(9)-C(9) ^ C(9)-N(17)...S(10)-C(10) -16.4 
*Symmetry transformations: 
a (- l+x, y, z); b ( l-x, y, z); c (-x, -y, l-z); 
d (-x, l-y, -z); e (l-x, -y, l-z); f (l-x, l-y, -z); 
g ( l -x, l -y, l-z); h ( l-x, 2-y, l-z) 
Standard deviations in hydrogen bond lengths and bond angles: 
a (0 » 0.004 A, a {6) « 0.3。 
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Structural Features and Relationships 
The present thiourea-anion host lattices, generated from the template effect 
of unsymmetrical quaternary ammonium ions, exhibit distinctly different structural 
characteristics, depending on the size and shape of the hydrophobic cation and the 
nature of the anion. Compound 2.2.22 features a continuum of two fused channel 
systems to suit the (w-C4H9)(CH3)N^ cation which has a flattened trigonal pyramidal 
shape, whereas compound 2.2.23 possesses two open channel systems, and the 
channel-type host lattice of 2.2.24 is built up by thiourea-carbonate layers and infinite 
thiourea chains. 
It is interesting to compare the modes of linkage of the thiourea molecules 
in compounds 2.2.23 and 2.2.24, both having a high stoichiometric ratio of thiourea 
to carbonate ion. The thiourea molecules in 2.2.23 are linked in the three-molecule 
spiral chain mode as found in neat thiourea and some thiourea inclusion complexes/^^ 
which are further connected pairwise to form double ribbons. In compound 2.2.24 
two novel linkage modes are found: five sequential independent thiourea molecules 
constitute a repeating unit to build an infinite thiourea chain, whereas the remaining 
six thiourea molecules interact with the carbonate ions to generate a nearly planar 
layer. 
In comparing compounds 2.2.23 and 2.2.24 with the thiourea-bicarbonate^^^ 
and thiourea-nitrate22i inclusion compounds, it is noted that the carbonate ion COs^' 
is more akin to NO3' than to HCO3', as it can only form acceptor hydrogen bonds 
with other potential donors. Therefore, the relevant three-dimensional host 
frameworks have a higher than normal thiourea/carbonate molar ratio, and most 
oxygen atoms of the carbonate ions form three acceptor hydrogen bonds with 
nitrogen atoms of neighboring thiourea molecules. The only exceptions are 0(3) in 
2.2.23 and 0(6) in 2.2.24, each forming two accepted hydrogen bonds, and the 0(3) 
atom in 2.2.24 which forms four O...H-N hydrogen bonds. 
The two carboxylate fragments of both the hydrogen oxalate ion and the 
oxalic acid molecule in 2.2.22 are notably non-coplanar, the dihedral angles between 
them being 28.1 and 49.4°，respectively. This can be rationalized in terms of the 
abnormally long C-C single bond in H2C2O4 (1.548^225 HC2CV (1.550^^226 ^nd 
C2O42- (1.567々 ，227 which has a a bond order less than unity.^^^ As a result of the 
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small barrier to rotation of the two carboxylate fragments about the central C-C 
bond, the hydrogen oxalate ion and oxalic acid molecule adopt the most favorable 
conformations to form hydrogen bonds with neighboring thiourea molecules in the 
host lattice. As shown in Fig. 2.2.46, the oxalic acid molecule is located between two 
adjacent thiourea-anion ribbons that are extended in different directions, and the 
dihedral angle between its two carboxylate fragments (49.4°) results from optimal 
positioning of the oxygen atoms to form N-H.. .0 and 0-H...S hydrogen bonds. 
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2.3. Selenourea-Anion Inclusion Compounds 
Crystal Structure of(C2H5)4N^CT. 2_ 2 ) 2 C S e (2.3.1) 
In compound 2.3.1, the cations are separated by selenourea-chloride puckered 
layers to generate a sandwich-like packing mode, and the layer structure may be 
conveniently described with reference to the hydrogen bonding scheme shown in Fig. 
2.3.1. An independent selenourea molecule composed of atoms C(1), Se(l), N(1) 
and N(2) is respeated by a 2i screw axis, and pairs of resulting molecules are inter-
connected by a single N-H...Se hydrogen bond of length N(2e)...Se(l) = 3.629(6)A 
to generate an infinite chain. The value of the torsion angle between two adjacent 
selenourea molecules, C(le)-N(2e)...Se(l)-C(l) = -173.0(4)。，indicates that this 
chain is near planar. The second independent selenourea molecule [composed of 
C(2), Se(2), N(3) and N(4)] in the asymmetric unit links with a chloride ion through a 
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Fig. 2.3.1. Projection drawing of the hydrogen-bonded layer in (C2H5)4N^Cr. 2(NH2)2CSe 
(2.3.1) formed by the cross-linkage of selenourea chains and selenourea-chloride 
ribbons. Broken lines represent hydrogen bonds，and atom types are distinguished 
by size and shading. 
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pair of 'chelating' N-R. .C l hydrogen bonds psr(3)...Cl(l) = 3.205(6), N(4)〜C1(1)= 
3.405(6)沟 to generate a dimer, which together with its centrosymmetrically-related 
partner constitute a (selen0urea-chl0ride)2 tetramer consolidated by a pair of N -
a . . C l hydrogen bonds P^(3)".Cl(ld) = N(3d)...Cl(l) = 3.251(6) A] (Fig.2.3.1). This 
partner constitute a (selen0urea-chl0ride)2 tetramer consolidated by a pair of N -
H."C1 hydrogen bonds pS[(3)...Cl(ld) = N(3d)."Cl( l ) = 3.251(6) A] (Fig.2.3.1). This 
tetrameric unit is almost planar as the mean atomic deviation from the least-squares 
plane is 0.122 A (including all non-hydrogen atoms in the tetramer). Linked 
alternately by pairs of N-H...Se hydrogen bonds between selenourea molecules 
arranged about inversion centers, these tetrameric units form a zigzag ribbon running 
parallel to the b axis. The selenourea-chloride ribbons and selenourea chains are 
alternately arranged and cross-linked by N-H...C1 and N-H...Se hydrogen bonds to 
form a puckered layer matching the (202) plane (Fig. 2.3,2). 
The tetrahedral (C2H5)4N+ cation is well ordered and nearly attains its 
idealized 222 molecular symmetry. A stereodrawing of the crystal structure is 
illustrated in Fig. 2.3.2. It is seen that the cations are arranged in a layer 
corresponding to the plane (101), and are located in the space between the host 
layers. 
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1 f'r \ # 1 \ h , <h 1 
V J / i Y y j . , y 
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Fig. 2.3.2. Stereodrawing of the layer structure of 2.3.1. The origin of the unit cell lies at 
the upper left comer, with a pointing from left to right, b towards the reader 
and c downwards. Broken lines represent hydrogen bonds, and atom types are 
distinguished by size and shading. 
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Table 2.3.1. Selected bond distances 0^，bond angles (°) and torsion angles (。）in the 
selenourea-halide inclusion complexes* 
I " ^ 
(C2Hs)4N+Cr. 2OVH2)2CSe (2.3.1) 
(i) Selenourea molecules 
Se(l)-C(l) 1.849(4) C( l ) -N( l ) 1.300(7) 
I C(l)-N(2) 1.328(5) Se(2)-C(2) 1.858(4) 
C(2)-N(3) 1.300(5) C(2)-N(4) 1.319(6) 
Se(l)-C(l)-N(l) 122.8(3) Se(l)-C(l)-N(2) 120.6(4) 
N(l)-C(l)-N(2) 116.6(4) Se(2)-C(2)-N(3) 121.7(4) 
Se(2)-C(2)-N(4) 119.8(3) N(3)-C(2)-N(4) 118.5(4) 
(ii) Hydrogen bonding 
N(2e)...Se(l) 3.629 N(la)...Se(2) 3.513 
N(4c)...Se(2) 3.483 N(lf) . . .Cl( l) 3.248 
N(2)...C1(1) 3.249 N(4)...C1(1) 3.405 
N(3)...C1(1) 3.205 N(3d)...Cl(l) 3.251 
N(2e)...Se(l)-C(l) 103.0 N(la)...Se(2)-C(2) 104.9 
N(4c)...Se(2)-C(2) 112.8 N(la)...Se(2)...N(4c) 136.5 
N(lf)...Cl(l)...N(2) 81.9 N(2)...Cl(l)...N(4) 93.5 




a (-0.5+x, 0.5-y, 0.5+z); b (0.5+x, 0.5-y, -0.5+z); c (-x, -y, l-z); 
d (-x, l-y, l-z); e (0.5-x, -0.5+y, 0.5-z); f (0.5-x, 0.5+y, 0.5-z) 
Standard deviations in hydrogen bond lengths and bond angles: 
G (l) « 0.006 A, a (0) « 0.4 ° 
Crystal Structure of (^ 2-C3H7)4N+Cl"-30SfH2)2CSe (2.3.2) and (w-C3H7)4N+Br-. 
30NfH2)2CSe (2.3.3) 
Complexes 2.3.2 and 2.3.3 are virtually isomorphours with the same basic skeleton 
and only differ in the halide ions. The hydrogen bonding scheme of 2.3.2 is shown in 
Fig. 2.3.3. Two independent selenourea molecules of an asymmetric unit are 
connected by a pair ofN-H...Se hydrogen bonds in a shoulder-to-shoulder fashion to 
form a dimer, which is approximately planar as shown by the C(l)-N(l) . . . Se(2)-C(2) 
torsion angle of -22.7° for 2 and -13.1° for 3. These selenourea dimers are inter-
linked laterally by additional N-H . .Se hydrogen bonds and bridging chloride ions on 
one side, each via three N-H...X hydrogen bonds, with N(3a)...Cl(l) = 3.342(8), 
N(3)...C1(1) = 3.434(8) and N(4)...C1(1) = 3.647(8) Afor 2.3.2, and N(3a)〜Br(l)= 
3.522(8)，N(3)".Br(l) = 3.403(8)，and N(4)...Br(l) = 3.829(8) A for 2.3.3, 
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respectively. On the other side, the Se atom of the third independent selenourea 
molecule in the asymmetric unit bridges adjacent selenourea dimers via three N -
H〜Se hydrogen bonds in the same manner as a halide ion. Thus an anionic double 
ribbon running parallel to the [001] direction is generated (Fig. 2.3.3). For this 
buckled double ribbon the deviation ofits molecular 
[ 5 ^ ¾ . 
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Fig. 2.3.3. Selenourea-chloride double ribbon in (w-C3H7)4N"tT. 3OSfH2)2CSe (2.3.2)，which 
is isostructural to the selenourea-bromide double ribbon in (w_C3H7)4N^r_ 
• 3CNH2)2CSe (2.3.3). Broken lines represent hydrogen bonds. 
components from co-planarity can be judged by the angle between the least-square 
planes of a pair of adjacent dimers, which is 44.1(4) for 2.3.2 and 42.9(4)。for 2.3.3. 
The double ribbons are concentrated in layers that match the (020) family of planes. 
The N atoms of the third bridging selenourea molecule form a pair of N-H...X 
hydrogen bonds to a halide ion in the ‘chelating，fashion pS[(5e)...Cl(l) = 3.219(8)， 
N(6e)...Cl(l) = 3.127(8)，N(5e)...Br(l) = 3.460(7) and N(6e)...Br(l) = 3.288(7) ¾^. 
Since the Se atom of this selenourea molecule also forms three N-H...Se hydrogen 
bonds with two selenourea molecules in the ribbon that are related by a n glide, it 
plays a very similar and complementry role as a halide ion. Thus the wide selenourea-
halide double ribbons are cross-linked by bridging selenourea molecules to generate 
a three-dimensional network containing an open channel system running in the [101] 
direction (Fig. 2.3.4). 
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The tetra-w-propylammonium cation nearly attains idealized 42w molecular 
symmetry and has normal molecular dimensions. The stereoview of the crystal 
structure clearly shows that a stacked column of cations are accommodated within 
each channel (Fig. 2.3.4). 
糊 I M 
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Fig. 2.3.4. Stereodrawing of the crystal structure of 2.3.2 (or 2.3.3) showing the 
accommodation of a single column of (A7-C3H7)4N^ ions in a channel running 
parallel to the [101] direction. The host structure is built from selenourea-
halide double ribbons and bridging selenourea molecules. Note that the double 
ribbons lie close to the (020) planes and are cross-linked by the bridging 
selenourea molecules. Broken lines represent hydrogen bonds, and atom types 
are distinguished by size and shading. 
Table 2.3.2. Selected bond distances ( ^ , bond angles (。) and torsion angles (。) in the selenourea-
halide inclusion complexes* 
(w-C3H7)4N+Cl-. 3(NH2)2CSe (2.3.2) ‘ 
(i) Selenourea molecules 
Se(l)-C(l) 1.857(5) C( l ) -N( l ) 1.323(5) 
CXl)-N(2) 1.313(6) Se(2)-C(2) 1.863(6) 
C(2)-N(3) 1.313(6) C(2)-N(4) 1.326(5) 
Se(3)-C(3) 1.879(5) C(3)-N(5) 1.321(5) 
C(3)-N(6) 1.334(6) 
Se(l)-C(l)-N(l) 122.8(4) Se(l)-C(l)-N(2) 119.6(3) 
N(l)-C(l)-N(2) 116.9(5) Se(2)-C(2)-N(3) 125.1(3) 
Se(2)-C(2)-N(4) 115.4(4) N(3)-C(2)-N(4) 118.7(5) 
Se(3)-C(3)-N(5) 121.6(3) Se(3)-C(3)-N(6) 121.7(3) 
N(5)-C(3)-N(6) 115.4(5) 
(ii) Hydrogen bonding 
N(la)...Se(l) 3.386 N(4)...Se(l) 3.605 
N(6d)...Se(l) 3.487 N(l)...Se(2) 3.522 
N(4c)...Se(2) 3.537 N(5b)...Se(2) 3.568 
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Table 2.3.2, (continued) 
N(la)...Se(3) “ ^703 N(2a)...Se(3) T m 
N^〜Se(3) 3.471 N(3)...C1(1) 3.434 
N(3a)…Cl(l) 3.342 N(4)...C1(1) 3.647 
N(5e)〜Cl(l) 3.219 N(6e)...Cl(l) 3.127 
N(la)…Se(l)…N(4) 110.6 N(4)...Se(l)...N(6a) 145.5 
N(la)…Se(l)…N(6a) 63.6 N(l)...Se(2)...N(4c) 109.1 
N(4c)...Se(2)...N(5b) 64.0 N(l)...Se(2)...N(5b) 141.6 
1^(1&)吣86(3)...>^(23) 36.6 N(2a)...Se(3)...N(2) 115.9 
N(la)…¾(3)…N(2) 82.4 N(3)...Cl(l)...N(3a) 119.8 
N(3a)...Cl(l)...N(4) 88.1 N(4)...Cl(l)...N(5e) 66.4 
>1(56)吣0(1)...>1(66) 41.4 N(3)...Cl(l)...N(4) 37.2 
C(l)-N(l)...Se(2)-C(2) -22.7 C(2)-N(4)...Se(l)-C(l) 2.6 
C ( l a ) -N ( l a ) . . .& ( lKX l ) -78.5 C(2)-N(4)...Se(2a)-C(2a) 24.6 
(w-C3H7)4N^r -3OVH2)2CSe (2.3.3) 
(i) Selenourea molecules 
Se(l)-C(l) 1.845(6) C( l ) -N( l ) 1.319(5) 
C(l)-N(2) 1.319(7) Se(2)-C(2) 1.850(6) 
C(2)-N(3) 1.316(7) C(2)-N(4) 1.322(5) 
Se(3)-C(3) 1.882(6) C(3)-N(5) 1.324(6) 
C(3)-N(6) 1.330(7) 
Se(l)-C(l)-N(l) 121.9(4) Se(l)-C(l)-N(2) 118.3(3) 
N(l)-C(l)-N(2) 119.6(5) Se(2)-C(2)-N(3) 123.4(3) 
Se(2)-C(2)-N(4) 119.5(4) N(3)-C(2)-N(4) 117.1(5) 
Se(3)-C(3)-N(5) 122.3(4) Se(3)-C(3)-N(6) 124.0(3) 
N(5)-C(3)-N(6) 113.7(5) 
(ii) Hydrogen bonding 
N(la)...Se(l) 3.436 N(4)...Se(l) 3.495 
N(6d)".Se(l) 3.523 N(l)...Se(2) 3.552 
N(4c)...Se(2) 3.444 N(5b)...Se(2) 3.626 
N(la)—Se(3) 3.741 N(2a)...Se(3) 3.519 
N(2)...Se(3) 3.391 N(3)...Br(l) 3.403 
N(3a)...Br(l) 3.522 N(4)...Br(l) 3.829 
N(5e)...Br(l) 3.461 N(6e)...Br(l) 3.288 
N(la)...Se(l)...N(4) 108.9 N(4)...Se(l)...N(6a) 148.1 
N(la)...Se(l)...N(6a) 63.9 N(l)...Se(2)...N(4c) 107.4 
N(4c)...Se(2)...N(5b) 65.7 N(l)...Se(2)...N(5b) 139.2 
>^(13)丨86(3)...>^(23) 36.5 N(2a)...Se(3)...N(2) 116.5 
N(la)...Se(3)...N(2) 83.3 N(3)...Br(l)...N(3a) 115.8 
N(3a)...Br(l)...N(4) 83.5 N(4)...Br(l)...N(5e) 63.3 
N(5e)."Br(l)...N(6e) 38.4 N(3)...Br(l)...N(4) 35.6 
CXl)-N(l)...Se(2)-C(2) -13.1 C(2)-N(4)...Se(l)-C(l) 13.4 
C(la)-N(la)...Se(l)-C(l) A ^ C(2)-N(4)...Sc(2a)-C(2a) -30.5 
*Symmetry transformations: 
a (X，l-y, 0.5+z); b (-0.5+x, 0.5+y, - l+z); c (x, l-y, -0.5+z); 
d (x, l-y, 0.5+z); e (-0.5+x, 0.5-y, -0.5+z) 
Standard deviations in hydrogen bond lengths and bond angles: 
2.3.2, a (0 « 0.008 A, a (0) » 0.4 °; 
2.3.3, G (0 « 0.007 A， a (0) « 0.4 ° 
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Crystal Structure of(n-C3H7)4N+r.OSfH2)2CSe (2.3.4) 
Compound 2.3.4 is isomorphous with its thio-analog (w-C3H7)4N+r.^ffl2)2CS 
(2.3.4a) [P2i/w,a= 8.858(2), b = 14.358(3)，c = 15.379(3) A >^= 93.88(l)。，Z = 4]， 
which has been reported in our previous study on a series of inclusion complexes of 
thiourea with peralkylated ammonium halide salts.^ Changing the host molecule 
from thiourea to selenourea merely results in a small increase of the unit-cell 
dimensions. 
Fig. 2.3.5 shows the crystal structure of 2.3.4, which is built of a packing of 
the selenourea-iodide composite ribbons and the tetra-w-propylammonium ions. The 
atom labeling and hydrogen-bonding interactions are shown in Fig. 2.3.6, The 
selenourea molecules are linked by N-H...Se hydrogen bonds pST(lb)...Se(l)= 
3.529(7) and N(2a)...Se(l) = 3.534(7) ^ in the shoulder-to-shoulder manner to form 
a zigzag ribbon running parallel to the a axis, with the iodide ions attached to it on 
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？ <^  气 押 r 1 T V t 
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、_ ii V «1 » M 
6 6 
Fig. 2.3.5 Stereodrawing ofthe structure of(w-C3H7)4NTr. O^2)2CSe (2.3.4). The origin of 
the unit cell lies at the upper left corner, with a pointing towards the reader, b 
downwards and c from left to right. Broken lines represent hydrogen bonds, and 
atom types are distinguished by size and shading. 
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N^A^ _ ^ ^ 4 ^ 





^ 1 1 
Fig. 2.3.6. Perspective view of a portion of the selenourea-iodide composite ribbon in 2.3.4. 
Broken lines represent hydrogen bonds. 
Table 2.3.3. Selected bond distances (为，bond angles (。) and torsion angles (。) in the 
selenourea-halide inclusion complexes* 
(w-C3H7)4N^r G^H2)2CSe (2.3.4) 
(i) Selenourea molecules 
Se(l)-C(l) 1.846(3) C( l)-N( l ) 1.316(3) 
C(l)-N(2) 1.320(3) 
Se(l)-C(l)-N(l) 121.2(2) Se(l)-C(l)-N(2) 120.6(2) 
N(l)-C(l)-N(2) 118.3(3) 
(ii) Hydrogen bonding 
N(lb)...Se(l) 3.529 N(2a)...Se(l) 3.534 
N(1)〜I(1) 3.567 N(2)...I(1) 3,652 
N(lb)...Se(l)-C(l) 103.7 N(2a)...Se(l)-C(l) 109.2 
N(lb)...Se(l)...N(2a) 145.8 
C(lb)-N(lb)...Se(l)-C(l) ^ C(l)-N(2)...Se(la)-C(la) 7 ^ 
*Symmetry transformations: 
a (2-x, -y, l-z); b (l-x, -y, l-z) 
Standard deviations in hydrogen bond lengths and bond angles: 
a (/) « 0.007 A , CT (0) « 0.5 ° 
General Structural Features and Selenourea Molecular Dimensions 
The present series of selenourea-quaternary ammonium halide complexes exhibit 
different kinds of anionic lattices, depending on the stoichiometric ratio of selenourea 
to halide ion. Compound 2 . 3 . 1 (2:1) has a layer-type host structure, isomorphous 
compounds 2 . 3 . 2 and 2 . 3 . 3 (3:1) feature an open channel system constructed from 
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double ribbons, whereas 2.3.4 (1:1) is isostructural with its thiourea analog and 
characterized by a composite ribbon composed of a zigzag arrangement ofselenourea 
molecules with iodide ions attached to both sides. 
The selenourea molecule has the expected planar conformation in all four 
complexes, except the bridging selenourea molecules in 2.3.2 and 2.3.3 [Se(3)-C(3)= 
1.879(5) and 1.882(6) Ain 2.3.2 and 2.3.3, respectively], with measured dimensions 
[averaged values C-Se = 1.852(8), C-N = 1.318(8) Aand Se-C-N = 120.9(5)，N-C-N 
=117.9(5)°] that are consistent within the series but differ from those reported for 
the pure compound [1.86(8)-1.94(10), 1.33(9)-1.44(9)Aand 114(6)-131(8), 108(6)-
127(6)。，for nine selenourea moleculesf29 and the channel-type adamantane adduct 
of selenourea [1.91(1), 1.30(1) A 118(1)，124(2)°].''' The latter two sets of 
molecular dimensions for the selenourea molecule are believed to be unreliable, as the 
crystal structure analysis of neat selenourea was based on film data and the precision 
of the selenourea-adamantane adduct structure is severely affected by disorder ofthe 
adamantane guest molecule. The present structural parameters are in good agreement 
with those reported for the selenourea molecule in its crystalline adducts 
[{0^2)2CSehSeCXNH2)2]SO4.0ra2)2CSe.2H2O [1.867(4), 1.315(6) A 120.6(4)， 
118.8(4)o]23o and Co(acac)3' 2Offl2)2CSe [1.853(5), 1.32(1) A 120.8(3), 
118.3(4)o].23i 
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Chapter 3. Summary and Discussion 
3.1. Structural Features and Relationships 
The strategy for the generation of inclusion compounds by the use of various 
organic host materials with appropriate guest molecules has been shown to be an 
important approach in the structural design or modification of the host lattice and has the 
potential of yielding fruitful results in crystal engineering. In the classical inclusion 
compounds of urea (space group P6i22 or P6s22) and thiourea (space group R32/c, 
Ri!c, R3c, R3 or P2Jd) the urea or thiourea molecules are connected by hydrogen 
bonds to form helical ribbons, which are woven together to form an array of linear, 
hexagonal channels which are open at both ends. These channel-type host structures are 
remarkable and unique in that all host molecules and inter-host hydrogen bonds project 
onto an hexagonal array with minimal overlap, making an unusually large proportion of 
the cross-sectional area available for molecular inclusion. However, the monotonous 
geometry of their host lattices is too restrictive to suit a wide range of shapes and sizes 
ofthe enclosed guest species. A considerable amount of work has been directed towards 
the study of detailed molecular orientations and motions of guest molecules in urea 
channel inclusion compounds as well as the generation of crystalline modifications in 
different space groups, such as P2i2i2i,"4'ii5 j^^ 232-234 ^ d P b c n ? but the principal 
structural characteristics of the channel-type host lattices remain virtually unaltered. 
In our research program a wide variety of inclusion compounds of urea, thiourea 
or selenourea with peralkylated ammonium salts have been prepared and unambiguously 
characterized by single-crystal X-ray analysis. The results have demonstrated that the 
classical urea or thiourea hydrogen-bonded host lattice can be modified in interesting 
ways by the incorporation of various anionic moieties, with or without co-crystallized 
water or other uncharged molecules, and that novel host frameworks bearing different 
urea, thiourea or selenourea/guest molar ratios are generated by variation in size of the 
hydrophobic, pseudo-spherical R4N^ guest species. The stoichiometric formulas of 44 
inclusion compounds and their structural details are listed in Table 3.1.1. 
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Table 3.1.1. Types ofhost lattices in inclusion compounds of urea derivatives and peralkylated 
ammonium salts 
size No. cation ^ anion c^  u/a/s^  parameters^  
CAGE-TYPE 
2.1.8 (CH3)4N^  _ ) 2 C O NH2CONHCO2- 5/1 7.3x7.8x8.3 
CHANNEL-TYPE 
2.1.1 (A7-C3H7>4>r _ 2 ) 2 C O F H2O 7/2/3 5.6 
2 . 1 . 3 (A2-C3H7)4N^  _ 2 ) 2 C O c r 3/1 5.2 
2.1.4* (w-C3H7)4N' _ 2 ) 2 C O Br- H2O 3/1/1 7.5 
2.1.5* (w-C3H7)4>r m2)2CO r H2O 3/1/1 7.6 
2.1.9 (w-C3H7)4N" O^2)2CO NH2CONHCO2- 3/1 5.2x6.1 
2.1.10* (CH3)4N^ qSH2)2CO BO(OH)2" H2O 2/1/1 7.04 
2.1.12 (C2H5)4N^ a^2)2CO P5O6(OH)4r H2O 4/1/1 5.3x9.3 
2.2.4*** ("-C4H9)4N^ O^2)2CS HCO3- 3/1 6.1x9.7 
2.2.5 (CH3)4N^ O^2)2CS NCV 3/1 6.5 
2.2.6 (w-C3H7)4>T G^2)2CS NO3- H2O 3/1/1 5.4x6.2 
2.2.12 (w-C3H7)4N" C^2)2CS HCO2- H2O 3/1/1 5.5x6.3 
2.2.14** (C2H5)4N" _ 2 ) 2 C S CH3CO2- 4/1 5.5x8.5 
2.2.21 ("-C3H7)4N" a^2)2CS HC4H2O4- H2O 2/1/2 5.3x8.6 
2.2.22** ("-C4H9)3(CH3)NT O^2)2CS HQCV H2QO4 2/2/1 7.2x31.8 
2.2.23*** (C2H5)3(w-C3H7)N" _ 2 ) 2 C S CO3^ - 6/1 7.4x11.4 
2.2.24 (CH3)3(C6H5)N" O^2)2CS CO32- H2O 11/2/1 6.7 
2 . 3 . 2 ( w - C 3 H 7 ) 4 N " _ 2 ) 2 C S e C r 3 / 1 6 . 8 x 7 . 3 
2.3.3 (w-C3H7)4>T GSH2)2CSe Br- 3/1 6.9x7.4 
2.1.14 (CH3)3N (^CH2)2OH a^2)2CO NH2CONHCO2- 1/1/1 5.2 
LAYER-TYPE 
2.1.2 ("-C3H7)4N^ _ 2 ) 2 C O Cr 2/1 7.58 
2.1.6 (C2H5)4N^ O^2)2CO HCO3- H2O 1/1/2 7.29 
2.1.7 ("-C4H9)4N^ OSfH2)2CO HCCV 3/1 8.40 
2.1.11 (C2H5)4N^  a^2)2CO BO(OH)2" H2O 2/2/1 6.88 
2 . 1 . 1 3 (w-C4H9)4^T a ^ 2 ) 2 C O [ B 5 O 6 ( O H ) 4 r B ( O H ) 3 2 / 1 / 1 9 . 6 4 
2.1.16 (C2H5)4N" O^2)2CO Cr 2/1 7.48 2.1.17t (C2H5)4P+ 0^2)2CO c r 2/1 9.20 
2.2.1 (w-C4l9)4N^ _2 )2CS Cr 2/1 9.31 
2.2.2 (C2H5)4N" a^2)2CS HCO3- H2O 1/1/1 7.47 
2.2.3 (w-C3H7>4N^ C^2)2CS HCO3- 2/1 8.01 
2.2.10 (C2H5)4N" O^2)2CS HCO2- H2O 1/1/1 7.20 
2.2.11 (C2H5)4N^ a^2)2CS HCO2- HCO2H 2/1/1 7.19 
2.2.13 (w-C4H9)4N" _ 2 ) 2 C S [(HCO2)2Hr 2/1 8.70 
2.2.i5t (w-C3H7)4N" O^2)2CS [(CH3CO2)2Hr 2/1 8.61 
2.2.16 (w-C4H9)4>T Qm2)2CS [(CH3CO2)2Hr 2/1 8.37 
2.2.18 (A7-C4H9)4N^  _ 2 ) 2 C S HC2O4- 2/1 7.70 
2.2.20 (C2H5)4N^ O^2)2CS C4H2O4'- 2/1 7.31 
2.3.1 (C2H5)4N^ OSH2)2CSe c r 2/1 8.77 
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SEPARATED m B B O N S 
2.2.7 (CH3)4N^ O^2)2CS NO3- 1/1 
2.2.8 ("-C3H7)4NT a^2)2CS NO3- 1/1 
2.2.9 (A7-C4H9)4N^  O^2)2CS NO3- 1/1 
2.2.19 (CH3)4N^ a^2)2CS HC4H2O4- 1/1 
2.3.4 (w-C3H7)4N^ a^2)2CSe r 1/1 
2.2.17 (CH,)4N^ _ 2 ) 2 C S CH3CO2- 1/1 
* cross-section has the shape of a peanut in which two parallel columns ofguests can be 
accommodated 
* * dual channel systems 
* * * intersecting tunnels 
t wave-like layer 
^ u = urea, thiourea or selenourea 
# • 
cavity dimensions for cage type, dimensions of cross-section for channel type, or interlayer spacing 
for layer type. 
备 stoichiometric ratio urea : anion : solvent or additional neutral host molecule 
‘co-ctystallized neutral molecule, usually water 
As envisaged, the complexes of urea, thiourea or selenourea with quaternary 
ammonium salts exhibit many different inclusion topologies, such as network of isolated 
cages (2.1.8, Fig. 2.1.13，p.37 )，intersecting tunnels (2.2.23, Fig. 2.2.48, p.l41 and Fig. 
2.2.49, p.l42), two channel systems (2.2.14, Fig. 2.2.29, p. l l3 and Fig. 2.2.30, p.ll4), 
channel with cross-section of a peanut shape in which two parallel columns ofguest can 
be accommodated (2.1.10, Fig. 2.1.19, p.45), double layer system (2.2.3, Fig 2.2.6, 
P.80)，wave-like layers (2.1.17，Fig. 2.1.35, p.68), as well as the typical uni-directional 
channels and sandwich-like layers. 
It is noted that the types of host lattices formed are dependent on the 
stoichiometric ratio of urea derivatives to anions and co-crystallized solvent or additional 
neutral host molecules (in most case is water). 
The sole cage-type complex has an almost the largest ratio (5:1) in the present 
series of inclusion compounds except 2.2.23 (6:1) and 2.2.24 (11:2), but clearly the 
guest species in the later cases are larger and the incorporated anionic moieties are 
smaller than the first one. 
The ratios of all the channel-type compounds are higher or equal to 3:1，and i f i t 
is 2:1 then at least one co-crystallized solvent molecule is necessarily present, as in 
examples 2.1.10 (2:1:1) and 2.2.21 (2:1:2). In the two exceptions, 2.2.22 (2:2:1) and 
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2.1.14 (1:1:1), it can be considered that the larger anionic moieties play important roles 
in the costruction of the host lattices. 
When the complexes have a low urea derivative/anion ratio and without the 
presence ofother natural molecules, only a parallel arrangement of separate ribbons can 
be constructed from the thiourea or selenourea with anionic building blocks. 
3.2. Hydrogen Bonding in Urean^hiourea/SeIenourea-Anion Inclusion 
Compounds 
Only van der Waals contacts are made between the included guest molecules and 
the molecules or anions of the host lattices in almost all inclusion compounds, except a 
complex consolidated by host-host and host-guest hydrogen bonding [urea-choline 
allophanate (2.1.14)]. The fundamental role of hydrogen bonding in stabilizing the host 
lattices is so outstandingly important that regiorpecitic hydrogen bonds control the way 
in which small molecular units, such as the present urea derivatives and various anions, 
form aggregate host lattices. It can be seen that the requirement for strong host-host 
hydrogen bonding in the maintenance of a host lattice need not be restrictive on the 
shape or dimensions of the lattice. Hydrogen bonding dimensions, particularly angles, are 
variable, and host-host hydrogen bonding networks can possess a substantial flexibility. 
We now present results illustrating that the N-H...0 and N-H...S hydrogen bonds 
play an instrumental role in the structures of a novel class of ureaAhiourea inclusion 
compounds. The average lengths of 84 measured N-H...0 hydrogen bonds in 16 urea-
anion inclusion complexes and 114 measured N-H...S hydrogen bonds in 23 thiourea-
anion host lattices are listed in Table 3.2.1. 
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Table 3.2.1. Average lengths R . . 0 and N _ S (A) in present urea/thiourea-anion host lattices 
number of number of 
min n m average H bonds complexes 
N-H.. .0 2.828(5) 3.194(8) 2.964i0.071 84 16 
N-H〜S 3.281(9) 3.990(3) 3.481士0.096 114 23 
Although these bond lengths vary over a wide range, the average values o f N -
H 〜 0 and N-H—S are in good agreement with those found for several types ofhydrogen 
bonds, N-H. . .0 = 2.93士0.11 andN-H...S = 3.40±0.20.^^^ 
Generally, the hydrogen bond length is related to the environment and 
configuration at both donor and acceptor atoms, following the order head-to-tail 
("chelating") mode < shoulder-to-shoulder fashion < singly H-bond. An excellent 
example is provided by the box-like cage type urea-tetramethylammonium allophanate 
compound (2.1.8, Fig. 2.1.15, p.38), in which these three types of hydrogen bonds all 
exist and the average values of each type, 2.898(9), 2.990(9) and 3.043(9 ) A respectively, 
are in accord with this order. 
The N-H...Se hydrogen bond is ofinterest as few reported data are available. The 
measured N".Se distances [ranging from 3.386(8) to 3.741(8) A , with an average value 
of 3.527(7) A ] for 2.3.1-2.3.4 are comparable to those found in the selenourea-
adamantane inclusion complex, 3.51(2) and 3.65(2) A , for N-H...Se hydrogen bonds 
between chains and within chains, respectively/^^ The weakest N-H...Se hydrogen bond 
in the present series of inclusion compounds occurs in the singly hydrogen-bonded 
selenourea chain in complex 2.3.1, and the bridging selenourea molecule between double 
ribbons in complexes 2.3.2 and 2.3.3. There is a distinct difference between the average 
value of the present N...Se distances and above-mentioned mean N...S bond length 
(3.481 Awith standard deviation 0.096A). 
I t is noted that the N-H...X hydrogen bonds in the present series of selenourea-
halide complexes play an important role to consolidate the host lattices. In compounds 
2.3.1, 2.3.2 and 2.3.3 there are five N-H...X hydrogen bonds per chloride or bromide 
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ion. The ten measured N-R..C1 distances range from 3.127(8) to 3.647(8) A with an 
average value of 3.304(8) A, and five N-H".Br distances from 3.288(7) to 3.829(7) A 
with an average value of3.502(7) A. The respective averages lie within the range o f N -
R..C1 [3.206(7) to 3.393(9) A] and N-H...Br [3.353(9) to 3.53(2) A] bond lengths 
compiled from 29 N-H...C1 hydrogen bonds in 8 complexes and 6 N-H...Br hydrogen 
bonds in 3 complexes possessing urea or thiourea-halide host lattices (Table 3.2.2). In 
inclusion compound 2.3.4 the measured "chelating" N-H...I hydrogen bonds P^...I 
3.565(8) and 3.651(8) A, with an average value of3.608(8) A ] and the N...I...N angle 
[36.8(6)。] are in good agreement with those [3.622(5) A and 36.4(3)。] determined for 
the related thiourea inclusion compound (w-C:3H7)4N+r.OSfH2)2CS.「o 
Table 3.2.2. N - H _ X and 0 - H _ X hydrogen bonds (A) in some urea/thiourea/water-halide 
host lattices 
Number of 
Compound n ^ max H bonds/X' Ref. 
N-H.. .X in urea-haIide host lattices 
(C2H5)4N"tT.20<fH2)2CO 3.254(5) 3.368(5) 4 173 
(C2H5)4P+Cr.2a^2)2CO 3.331(9) 3.402(9) 4 173 
(w-C3H7)4N^Cr-2CSfH2)2CO 3.317(7) 3.366(7) 4 237 
(w-C3H7)4>Tcr-3aNfH2)2CO 3.303(6) 3.424(6) 6 237 
in urea-halide-water host lattices 
2("-C3H7)4>TF.70SfH2)2CO.3H2O 2.737(8) 3.187(8) 4,F(1) 237 
2.805(8) 2.914(8) 2, F(2) 
(C2H5)4N^- ._2)2C0.2H20 3.379(5) 1 174 
(C2H5)4N^ ._2 )2C0 .2H20 3.53(2) 1 174 
(w-C3H7)4N^r.3_2)2CO.H20 3.491(3) 1 237 
(w-C3H7)4NTr.30SH2)2CO.H2O 3.722(4) 1 237 
in thiourea-halide host laticces 
("-C4H9)4NTF.30^2)2CS 2.819(5) 2.994(7) 6 170 
(w-C4H9)3N(CH3)^Cl--20^2)2CS 3.252(3) 3.291(3) 4 170 
(rt-C4H9)4NTCr.20^)2CS 3.206(7) 3.321(7) 4 169 
("-C4H9)3N(CH3)^r.20SfH2)2CS 3.353(6) 3.459(6) 4 170 
(w-C3H7)4N^-0^2)2CS 3.564(5) 3.680(5) 2 170 
0-H. . .X in water-haIide host laticces 
4(C2H5)4N^ - l lH20 2.59(1) 2.76(1) 4, F(1) 238 
2.63(1) 2.72(1) 4，F(2) 
2.65(1) 2.85(1) 4，F(3) 
2.61(1) 2.70(1) 4，F(4) 
(C2H5)4N^Cr.4H20 3.177(7) 3.244(7) 4 239 
in urea-halide-water host laticces 
2(w-C3H7)4N^ -70^2)2CO-3H2O 2.620(8) 2.716(8) 2，F(1) 237 
166 
I 
Summaty and Discussion Chapter 3 
2.471(8) 2.705(8) 2, F(2) 
(C2H5)4N^Cr<NH2)2C0-2H20 3.178(5) 3.223(5) 3 174 
(C2H5)4N^r .0^)2CO.2H2O 3.16(2) 3.36(2) 3 174 
(w-C3H7)4N^r.30SIH2)2CO.H2O 3.361(3) 3.390(3) 2 237 
(A2-C3H7)4N^-3qffl2)2C0-H20 3.570(4) 3.672(4) 2 237 
Notably the cyclic hydrogen-bonded water-halide dimers (H2O-X")2 (X = F, Br, 
I) make their presence in the inclusion compounds of urea with tetra-w-propylammonium 
halides. As shown in Table 3.2.3，the dimensions of these centrosymmetric cyclic 
moieties can be compared with thos reported in a variety of complexes, such as 
[Zn(en)3]F2.2H2O (en = ethylenediamine) ( la) , '^ ' (C2H5)4N^Cr.0^2)2CO.2H2O (2a)， 
(C2H5)4N"Cr H2O (2b)，24i 2[Mo(S2CNEt2)4]"-(H20-Cl)2-xCHCl3 (x = 1.76，2c),' ' ' 
(C2H5)4N^r <NH2)2C0-2H20 (4a) ' ' ' and [(CH2)6N4CH3]BrH2O (4b). ' ' ' 
Table 3.2.3. Structural parameters for ^ 0 - X * ) 2 systems in crystalline complexes 
Slte 
Compound 0 (W)〜X(A) 0(W)〜X’（A) X . .a..X，(。） symmetry Reference 
ai2O-F)2 in l a 2.586 2.679 none 240 
^ 0 - F ) 2 in 2.1.1 2.620(8) 2.716(8) 100.6(5) 了 presentwork 
0l2O-Cr)2 in 2a 3.178(5) 3.223(5) 107.2(4) T 174 
(H2O-Cr)2in2b 3.204(4) 3.247(4) 103.8(1) T 241 
0i2O-Cr)2 in 2c 3.287(8) 3.311(8) 108.9(4) T 242 
(H2O'Bf)2 in 4a 3.17(2) 3.36(2) 101(1) I 174 
(H2O-Br)2m4b 3.338(5) 3.386(5) 105.7(4) T 243 
ai20-Br)2 in 2.1.4 3.361(3) 3.390(3) 113.1(2) J presentwork 
(H2O-I)2m2.l.5 3.570(8) 3.672(8) 110.0(5) T presentwork 
The C-H...0 hydrogen bond exists in the compound 2.2.11 (Fig. 2.2.22, p.l03), 
in which the formyl atom C(5) forms an C-H...0 hydrogen bond with the carboxy 0 
atom ofC(3b) with H...0 = 2.303(6) A, C-H...0 = 3.213(6) A and C-H...0 = 157.9(4)。； 
and 2.2.19 (Fig. 2.2.40, p.l30), C-H. . .0 = 3.194 and 3.216 A . The H.. .0 distance is 
shorter than the sum of the relevant van der Waals radii (Wn + Wo = 2.4 A) and lies 
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closer to the lower end of the H...0 range of2.16 to 2.65 A for C-H...O=C hydrogen 
bonding established by accurate X-ray and neutron diffraction analyses,^^^ indicating that 
the formyl CH group has a relatively strong donor capability. 
In the inclusion compound (CH3)3N+(CH2)2OHNH2CONHCO2 <NH2)2CO 
(2.1.14) the allophanate 0 atoms of the resulting hydrogen-bonded hydrophilic host 
lattice form acceptor hydrogen bonds with the hydroxyl groups of choline guests [Fig. 
1.2.2(b)]. This may be contrasted with the classical urea or thiourea inclusion 
compounds formed by self-assembly, as well as inclusion compounds built of urea or 
thiourea together with various anions, in which the hydrophobic guest species are 
retained by steric barriers formed by the hydrogen-bonded host lattice [Fig. 1.2.2(a)]. 
3.3. Linkage Modes of Urea and Thiourea Molecules 
Our studies on the generation of novel urea, thiourea and selenourea-anion 
inclusion compounds have shown that novel anionic host lattices can be constructed 
from urea derivatives and many types of anions as building blocks. The versatility of 
urea, thiourea or selenourea as a key component in the construction of novel host lattices 
is clearly demonstrated by the occurrence of many new types of linkage modes, which 
include various discrete units, chains or ribbons and composite ribbons with 
corresponding anions. These motifs are shown in Tables 3.3.1, 3.3.2 and 3.3.2, 
respectively. 
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Table 3.3.1. Typical linkage modes of discrete units built from urea or thiourea molecules, or together 
wi th some associated anions in their inclusion compounds 
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• • t 
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Table 3.3.2. Typical linkage modes of setf-assembled hydrogen-bonded chans and ribbons ofurea, 
thiourea or selenourea molecules in their inclusion compounds 
X x^N X X^N N — 
X > c T x > c J singly H-bonded chain 
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Table 3.3.3. Typical composite ribbons in the present inclusion compounds 
, .� \ /° - ..八 . N - - - . . , . . ' 〜 , 。 \ - 、 - ' ' " ' 〜 7 、 
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The hydrogen-bonded layers can be generated by replication of the isostructural 
and independent discrete units (UC in 2.2.14) or by other bridging moieties (UE in 
2.2.24). The hydrogen-bonded layers can also be built from a parallel arrangement of 
ribbons (RC in 2.2.24) or composite ribbons (LC in 2.2.5), ribbons bridged by some 
anions (RD in 2.1.16, L F in 2.1.11), or an alternate arrangement o f two different types 
of ribbons (RC and L A in 2.1.7). The three dimensional channel-type network may be 
formed by cross-linkage of two types of layers (2.2.6) or by two criss-cross series of 
ribbons (2.2.21). 
As shown in Table 3.3.4, the above types of combining modes of urea or thiourea 
exist in most ofthe present inclusion compounds. In an idealized scheme ofhost design, 
the well-knit hexagonal (P6i22 or P6s22) urea (Fig. 1.3.2, p.9) or pseudo-hexagonal 
{RZ) thiourea channel framework (Fig. 1.3.3, p.lO) is first divided into hydrogen-bonded 
chains or ribbons, and hydrogen bonding between these units with suitable anionic and 
neutral species would then lead to new varieties ofhost systems. 
Table 3.3.4. Discrete units, chains and ribbons in present inclusion compounds 
Type Compound Remarks Figure No. Page No. 
~UA 2X8 2.1.15 38 
UB 2.1.13 2.1.27 57 
UC 2.2.14 2.2.31(a) 115 
UD 2.2.24 2.2.53(a) 147 
UE 2.2.24 2.2.53(b) 147 
R A 2.2.14 one thiourea molecule 2.2.310b) 115 
2.3.1 one selenourea molecule 2.3.1 152 
RB 2.1.8 two independent urea molecules 2.1.15 38 
2.1.14 one urea molecule 2.1.29 61 
RC 2.2.2，2.2.7,2.2.8，2.2.9 one thiourea molecule 2.2.3，2.2.19 76,97 
2.2.1，2.2.16,2.2.17 one thiourea molecule 2.2.1，2.2.34，2.2.36 73,120,123 
2.3.4 one selenourea molecule 2.3.6 159 
2.1.2,2.1.10，2.1.17 two independent urea molecules 2.1.3，2.1.20，2.1.34 22,46,67 
2.2.3，2.2.6, two independent thiourea molecules 2.2.5,2.2.14, 79,93， 
2.2.12，2.2.13 2.2.25，2.2.28 107,110 
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2.1.3 three independent urea molecules 2.1.5 24 
2.1.1 five independent urea molecule 2.1.2 20 
2.2.24 a pair of thiourea pentamers 2.2.52 146 
RD 2.1.16,2.3.2,2.3.3 2.1.32,2.3.3 65,155 
RE 2.2.4,2.2.23 three independent thiourea molecules 2.2.7,2.2.50 82,143 
� 
LA 2.1.7 2.1.11 32 
LB 2.1.6 2.1.9 30 
2.2.15 urea is replaced by thiourea and 2.2.32 118 
bicarbonate is replaced by hydrogen 
diacetate ion 
LC 2.2.5 2.2.12 88 
2.1.12 thiourea is replaced by urea and 2.1.25 53 
nitrate ion is replaced by B3O3(OH)2 
fragment of the pentaborate ion 
LD 2.2.10 2.2.20 101 
2.2.11 formate is replaced by acetate and 2.2.22 103 
water is replaced by acetate ion 
LE 2.2.21 2.2.44 135 
LF 2.1.8 2.1.14 38 
2.1.11 allophanate is replaced by HCO3", 2.1.22 49 
urea is replaced by B(OH)3 
LG 2.1.10 2.1.20 46 
3.4. Comolecular Aggregates of Urea and Other Host Components 
As mentioned above, in urea/thiourea-anion inclusion compounds both urea and 
thiourea molecules adopt various linkage modes not only of self-assembled hydrogen-
bonded chains or ribbons but also of composite ribbons with the corresponding anions. 
The results show that comolecular aggregates of urea or thiourea with other neutral 
molecules or anionic moieties can be considered as fiindamental building blocks for the 
constructions of various types of novel host lattices. 
Comparison of the urea-anion inclusion compounds with the thiourea-anion 
inclusion compounds indicates that urea molecules more readily combine with other 
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anionic moieties to generate composite dimers or ribbons. Composite dimers or ribbons 
exist in seven complexes among the nine urea-anion inclusion compounds studied here. 
For instance, both urea-bicarbonate complexes 2.1.6 and 2.1.7 (Fig. 2.1.9, p.30 and Fig. 
2.1.11，p.32) contain a hydrogen-bonded [(OSlH2)2CO)2(HCCV)2]ao ribbon built of 
alternating urea dimers and cyclic dimeric bicarbonate moieties (LB and LA type, 
respectively), but different additional molecular components, namely water molecules in 
2.1.6 and urea ribbons in 2.1.7, are used in the construction ofthe hydrophilic layer. 
In one of the two urea-allophanate compounds (2.1.8, Fig 2.1.14, p.38), 
hydrogen-bonded zigzag ribbons are built up from repetition of the allophanate ion and 
one independent urea moleculejoined together by a pair ofN-H. . .O hydrogen bonds (LF 
type), whereas wide puckered urea and allophanate ribbons connected by hydrogen 
bonds exit in the other (2.1.9，Fig 2.1.16, p.41). 
In the boric acid-bicarbonate host lattice (2.1.11, Fig.2.1.22, p.49) the water 
molecule cross-links the double-ribbons each composed of an alternate arrangement of 
boric acid molecules and HCO3" ions to form a hydrogen bonded planar layer, and three 
independent urea molecules and a B3O3(OH)2 fragment of the pentaborate ion are linked 
by hydrogen bonds to form an infinite twisted ribbon in one urea-pentaborate complex 
(2.1.12, Fig.2.1.25, p.53). Two-dimensional infinite layers of inter-connected urea 
molecules, pentaborate ions, and neutral B(OH)3 molecules generate the host lattice of 
another urea-pentaborate complex (2.1.13, Fig.2.1.27, p.57). 
It is of interest to note that so far no x-ray studies have been done on compounds 
containing the allophanate ion which is known in the form of its derivatives, and the 
dihydrogen borate anion BO(OH)2; the fugitive conjugate base of boric acid. However, 
our experimental results clearly showed that these ions can be generated in situ and 
stabilized in the crystalline state through hydrogen-bonding interactions with its nearest 
neighbors. Notably the bulky and hydrophobic tetraalkylammonium ion plays a dual and 
complementary role, i.e. it serves as a template for the self-assembly of the anionic host 
lattice and, abetted by the presence of urea, provides a suitably alkaline aqueous medium 
that induces boric acid to function as a Br0nsted acid. 
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3.5. Comolecular Aggregates ofThiourea and Other Host Components 
As compared with urea, the thiourea molecule has a lesser tendency to combine 
with other host components to form a dimer or composted ribbon. This occurs in only 
six cases among twenty-three thiourea-anion inclusion compounds, typical examples of 
which are the ribbons composed of twisted (thi0urea-f0rmate)2 tetramers bridged by 
water molecules or formate ion in two thiourea-formate inclusion compounds (2.2.10, 
Fig. 2.2.20, p.l01 and 2.2.11, Fig. 2.2.22, p.l03), the thiourea-acetate hexamer 
constituted from centrosymmetrically-relate a pair of thiourea and an acetate ion as a 
repeted unit of the zigzag ribbons (2.2.14, Fig. 2.2.31, p.ll5), and the puckered 
[(0S[H2)2CS)2(XCH3CO2)2H)-]oo ribbons in thiourea tetra-w-propylammonium acetate 
complex (2.2.15, Fig 2.2.32, p.ll8). 
In most thiourea-anion inclusion compounds the host lattices are built from 
connections of thiourea ribbons and the anionic dimers orjust the ribbons only. Although 
the inclusion compounds 2.2.2 - 2.2.4 all contain thiourea ribbons and cyclic dimeric 
bicarbonate anions as building blocks, different modes of combination are utilized in the 
construction of the resulting hydrogen-bonded host lattices. The thiourea ribbons in 
2.2.2 do not interact directly with one another, but are laterally linked with 
complementary [ (HCO3 )2(H2O)2]00 ribbons to form a layer structure. In 2.2.3 the 
separated thiourea ribbons are bridged in an orthogonal manner by (HCO3 )2 units to 
give a novel double layer. Unlike those in 2.2.2 and 2.2.3, the thiourea ribbons in 2.2.4 
adopt a twisted configuration; they are further organized into puckered double ribbons 
which are cross-linked by (HCO3 )2 moieties to generate a three-dimensional host 
framework containing two open channel systems. 
In comparing the thiourea-nitrate inclusion compounds with the thiourea-
bicarbonate inclusion compounds, it is noted that the oxygen atoms of the NO3' ion, 
unlike the HCO3" ion, can only form acceptor hydrogen bonds with other potential 
donors. Therefore, the construction of a two- or three-dimensional host framework 
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requires a higher thiourea/nitrate molar ratio, with or without co-crystallized water 
molecules, as is the case in complexes 2.2.5 and 2.2.6. In the 1:1 complexes 2.2.7, 2.2.8 
and 2.2.9 only a parallel arrangement of separate ribbons can be constructed from the 
thiourea and nitrate building blocks. 
The CH3CO2- ion, unlike the HCO3" ion, can only form acceptor hydrogen bonds 
with other potential donors and furthermore, unlike both HCO3" and NO3 ' , it has only 
two oxygen atoms functioning as acceptors in the hydrogen-bonded host framework, and 
accommodation of its hydrophobic methyl group must be made. Therefore, the 
construction of a two- or three-dimensional host framework requires a higher 
thiourea/acetate molar ratio, as in the case in compound 2.2.14, or the dimeric acetic 
anion necessarily takes the role of a building blocks as is the case in complexes 2.2.15 
and 2.2.16. The resulting ribbons generally adopt a twisted configuration so that the 
thiourea molecules can form additional donor hydrogen bonds with atoms in adjacent 
ribbons, or the more exposed oxygen atoms can form acceptor hydrogen bonds with 
nitrogen atoms of neighboring thiourea molecules. In the 1:1 complex 2.2.17 only a 
"pesudo channel” arrangement of separate ribbons can be constructed from the thiourea 
and acetate building blocks. 
In summary, we have shown that novel anionic host lattices can be constructed 
from urea, thiourea or selenourea molecules and variours anions as building blocks, 
which readily adopt different topologies for the accommodation of tetraalkylammonium 
ions of various sizes. By employing organic cations as templates and suitable counter 
anions as an ancillary host material, with or without neutral molecules such as H2O as a 
third component, the ‘lattice engineering' of new urea, thiourea and selenourea inclusion 
compounds by self-assembly may be further explored. 
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Chapter 4. Experimental 
4.1. Praparation 
Tetramethylammonium hydroxide pentahydrate (99%), tetraethylammonium 
hydroxide (25% wt. aqueous solution), tetra-w-butylammonium hydroxide (40% wt. 
aqueous solution), crystalline tetraethylphosphonium chloride (98%) were obtained from 
Eastman Kodak and Aldrich, respectively. 
Whereas some tetrapropyl- and tetrabutyl-ammonium hydroxide were prepared 
from their corresponding chloride salts by reaction with moist silver(I) oxide.^ ^^ 
4.1.1. Preparation of urea-halide complexes (2.1.1-2.1.5) 
Tetra-w-propylammonium hydroxide and urea were mixed in molar ratios of 1:4 
and 1:3，for 2.1.1 and 2.1.4, respectively. A minimum quantity of water was used to 
dissolve the solid in each case, and hydrofluoric acid was added to the solution of 2.1.1 
and hydrbromic acid was added to the solution of 2.1.4 in a 1:1 molar ratio for hydroxide 
:acid. Tetra-w-propylammonium chloride or iodide and urea were mixed in a molar ratio 
of l :2 , 1:3 and 1:3 for 2.1.2, 2.1.3 and 2.1.5, respectively. A minimum quantity of water 
was used to dissolve the solid in each case. After stirring for about half a hour, the 
solution was subjected to slow evaporation at room temperature in a desiccator charged 
with drierite. Colorless crystals appeared in the form of small blocks for 2.2.1, 2.1.2, 
2.1.3 and 2.1.5, and small prisms for 2.1.4, respectively. 
4.1.2. Preparation of urea-bicarbonate complexes (2.1.6-2.1.7) 
Each hydroxide and urea were mixed in a molar ratio of 1:2，and a minimum 
quantity of water was added to dissolve the solid. After compressed air was allowed to 
bubble through the solution for about 3-4 hours, the latter was subjected to slow 
evaporation at room temperature in a desiccator charged with drierite. Colorless crystals 
appeared in the form of small polyhedra for 2.1.7, but complex 2.1.6 initially deposited 
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from solution as very thin needles, and was recrystallized from 50% alcohol to yield 
larger plates that could be used for X-ray analysis. 
4.1.3. Preparation of urea-allophanate complexes (2.1.8-2.1.9) 
Tetramethyl- and tetra-w-propylammonium hydroxides were prepared from their 
corresponding chloride salts by reaction with an equivalent molar quantity of sodium 
hydroxide in absolute ethanol. Then each hydroxide and urea were mixed in a molar ratio 
of 1:2，and a minimum quantity of water was added to dissolve the solid. After 
compressed air was allowed to bubble through the solution for about 3-4 hours, the 
latter was subjected to slow evaporation at room temperature in a desiccator charged 
with drierite to yield colorless crystals of 2.1.8 and 2"1.9. 
4.1.4. Preparation of urea-dihydrogen orthoborate and pentaborate complexes (2.1.10-
2.1.13) 
Crystalline boric acid was obtained from Beijing Chemical Works. For the 
preparation of complexes 2.1.10 - 2.1.13, each hydroxide, boric acid and urea were 
mixed in molar ratios of 1:1:2, 1:1:3，1:1:3 and 1:1:4，respectively, and a minimum 
quantity of deionized water was added to dissolve the solid in each case. After stirring 
for about half a hour, the solution was subjected to slow evaporation at room 
temperature in a desiccator charged with drierite. Colorless transparent crystals of 
2.1.10 appeared in the form of thin plates, 2.1.11 in the form of small blocks, and 2.1.12 
and 2.1.13 in the form oflarger blocks. 
4.1.5. Preparation of urea choline allophanate complexes (2.1.14-2.1.15) 
The ethyl allophanic ester NH2CONHCOOC2H5 (2.1.15) was synthesized by the 
action of ethyl chloroformate on urea in a 1:2.1 molar ratio.^ ^^ The white powdery 
product 2.1.15 was recrystallized from tetrahydrofran. Subsequently choline hydroxide 
(50 wt. % solution in water from Aldrich) and 2.1.15 were mixed in equal molar 
amounts and a minimum quantity of water was added to dissolve the solid. When the 
solution was heated at about 80°C and stirred for half an hour, generation of the 
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allophanate ion from the hydrolysis of2.1.15 by warm alkali was effectively complete.^^^ 
Then another molar equivalent of urea was dissolved in the solution, and the latter was 
allowed to evaporate at room temperature in a desiccator charged with drierite to yield 
colorless crystals of2.1.14, which was subjected to structural characterization by X-ray. 
4.1.6. Preparation of urea tetraethylammonium and phosphonium chloride complexes 
(2.1.16-2.1.17) 
Tetrethylammonium hydroxide (or tetraethylphosphonium chloride) and urea 
were mixed in a molar ratio of 1:2. A minimum quantity of water was added to dissolve 
the solid, and hydrochloride acid was added to the solution in a 1:1 molar ratio for 
hydroxide : acid in the first case. After stirring for about half an hours, the solution was 
subjected to slow evaporation at room temperature in a desiccator charged with drierite. 
Colorless crystals appeared in the form of small blocks for 2.1.16, but complex 2.1.17 
initially deposited from solution as very thin needles, and was recrystallized from 50% 
alcohol to yield larger plates that could be used for X-ray analysis. 
4.1.7. Preparation of thiourea tetra-w-butylammonium chloride complex (2.2.1) 
Tetra-w-butylammonium chloride and thiourea were mixed in molar rations of 
1:2.5, a minimum quantity of water was added to dissolve the solid. After stirring for 
about half a hour, it was subjected to slow evaporation at room temperature in a 
desiccator charged with drierite. Colorless crystals appeared in the form of small blocks 
for 2.2.1 after ten days. 
4.1.8. Preparation of thiourea-bicarbonate complexes (2.2.2-2.2.4) 
Each hydroxide and thiourea were mixed in molar ratios of 1:1, 1:1.5 and 1:2, 
respectively, and a minimum quantity of water was added to dissolve the solid in each 
case. After carbon dioxide gas (from dry ice) was allowed to bubble through the solution 
for about half a hour, the latter was subjected to slow evaporation at room temperature 
in a desiccator charged with drierite. Colorless crystals appeared in the form of thin 
plates (crystal 2.2.2) and small blocks (crystal 2.2.4), respectively. Complex 2.2.3 was 
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obtained initially as very thin needles, which were recrystallized from 50% alcohol to 
yield larger plates that could be used for X-ray analysis. 
4.1.9. Preparation of thiourea-nitrate complexes (2.2.5-2.2.9) 
Each hydroxide and thiourea were mixed in molar ratios of 1:2，1:3，1:2, 1:2.5 
and 1:3，respectively. A minimum quantity of water was used to dissolve the solid in 
each case, and nitric acid (70%) was added to the solution in a 1:1 molar ratio for 
hydroxide : acid. After stirring for about half a hour, the solution was subjected to slow 
evaporation at room temperature in a desiccator charged with drierite. Colorless crystals 
appeared in the form of thin plates (2.2.5, 2.2.7 and 2.2.9) and small blocks (2.2.6 and 
2.2.8). 
4.1.10. Preparation of thiourea-formate complexes (2.2.10-2.2.13) 
Each hydroxide was mixed with thiourea in molar ratios of 1:2 for 2.2.10 and 
2.2.11. and 1:3 for 2.2.12 and 2.2.13, respectively. A minimum quantity of water was 
used to dissolve the solid in each case, and formic acid (88%) was added to the solution 
in a 1:1 molar ratio for hydroxide : acid. After stirring for about half an hour, the 
solution was subjected to slow evaporation at room temperature in a desiccator charged 
with drierite. Colorless crystals appeared in the form of thin plates (2.2.11) or small 
blocks (2.2.10, 2.2.12 and 2.2.13). 
4.1.11. Preparation of thiourea-acetate complexes (2.2.14-2.2.17) 
Each hydroxide and thiourea were mixed in molar ratios of 1:3，1:2.5, 1:3 and 
1:2, respectively. A minimum quantity of water was used to dissolve the solid in each 
case, and glacial acetic acid (100%) was added to the solution in a 1:1 molar ratio for 
hydroxide : acid. After stirring for about half a hour, the solution was subjected to slow 
evaporation at room temperature in a desiccator charged with drierite. Colorless crystals 
appeared in the form of small blocks (2.2.14, 2.2.15 and 2.2.16) and thin plates (2.2.17). 
Strongly hygroscopic complex 2.2.14 was sealed in a 0.5 mm Lindemann glass capillary. 
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4.1.12. Preparation of thiourea-oxalate and fumarate complexes (2.2.18-2.2.21) 
Each hydroxide and thiourea were mixed in molar ratios of 1:3，1:2, 1:2.5 and 
1:3 for 2.2.18, 2.2.19, 2.2.20 and 2.2.21 respectively. A minimum quantity of water was 
used to dissolve the solid in each case, and crystalline oxalic acid was added to the 
solution in a 1:1 molar ratio for hydroxide : acid for 1，and crystalline fumarate acid was 
added in a similar manner for 2.2.19, 2.2.20 and 2.2.21. After stirring for about half a 
hour, the solution was subjected to slow evaporation at room temperature in a desiccator 
charged with drierite. Colorless crystals appeared in the form of thin plates (2.2.20) and 
small blocks (2.2.18, 2.2.19 and 2.2.21). 
4.1.13. Preparation of thiourea unsymmetrical quaternary ammonium complexes (2.2.22-
2.2.24) 
Each hydroxide and thiourea were mixed in molar ratios of 1:2, 1:3 and 1:4， 
respectively. A minimum quantity of water was used to dissolve the solid in each case, 
and crystalline oxalic acid was added to the solution in a 1:1 molar ratio for hydroxide : 
acid and stirred for about half a hour for 2.2.22, carbon dioxide gas (from dry ice) was 
allowed to bubble through the solution for about half a hour for 2.2.23 and 2.2,24. Then 
the solution was subjected to slow evaporation at room temperature in a desiccator 
charged with drierite. Colorless crystals appeared in the form of thin plates (2.2.22 and 
2.2.24) and small blocks (2.2.23). Strongly hygroscopic complex 2.2.22 was sealed in a 
0.5 mm Lindemann glass capillary. 
4.1,13. Preparation of selenourea-halide complexes (2.3.1-2.3.4) 
All reactions were performed under a nitrogen atmosphere with the use of 
standard Schlenk techniques. Tetraethylammonium chloride, tetra-w-propylammonium 
bromide and iodide were obtained from Eastman Kodak. Each quaternary ammonium 
salt and selenourea were mixed in a molar ratio ofl :2, and then an appropriate quantity 
of ethanol was added and warmed to about 40°C to dissolve the solid. After stirring for 
about half a hour, the solution was cooled to 10°C. Colorless crystals appeared in the 
form of small blocks for 2.3.1 and thin plates for 2.3.2, 2.3.3 and 2.3,4. All complexes 
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are air-sensitive and had to be sealed in Lindemann glass capillaries for X-ray structure 
determination. 
4.2. Crystallography 
• • • 247 
Intensities of all complexes were collected in the variable o-scan technique on 
a four-circle diffractometer (Siemens R3mA^, Siemens P4/PC or Rigaku AFC7R) using 
MoKa radiation (入=0.71073A) at 291 K. Unit-cell parameter were calculated from 
least-squares fitting of2^angles for 20-25 reflections. Crystal stability was monitored by 
recording two or three chek reflections at intervals of 100-120 data measurements, and 
no significant variation was detected. The raw data were processed with a learnt-profile 
procedure，248 and empirical absorption correction based on y/-s>cm data was also applied. 
All crystal structure were determined by direct methods. All the non-hydrogen 
atoms were refined anisotropically except the disordered atoms. The amido, methylene, 
and methyl H atoms were generated geometrically (C-H and N-H distance fixed at 0.96 
and 0.90A, respectively) and allowed to ride on their respective parent atoms. All 
hydrogen atoms were assigned appropriate isotropic temperature factors and included in 
the structure-factor calculations. 
All calculations were performed on a PC 486 computer with the SHELXTL-
PLUS program package.^^^ Analytic expressions of atomic scattering factors were 
^ C f \ 
employed, and anomalous dispersion corrections were incorporated. The refinement of 
the coordinates and anisotropic thermal parameters of the non-hydrogen atoms was 
carried out by the full-matrix least-squares method. 
Details about X-ray data collection and structure refinement for each complexes 
are listed in Table 4.2.1. Final atomic coordinates and equivalent isotropic thermal 
parameters, along with their estimated standard deviations, anisotropic thermal 
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Appendix A: Atomic coordinates and thermal parameters 
Table A-1.1 Atomic coordinates (x 10’ and thermal parameters*�R x 10 )^ of 2.1.1-2.1.5 
Atom X y z ^ Atom x y z U^ 
2(w-C3H7)4NV-70<JH2)2CO-3H2O(2.1.1) 
O 0 ) 1370(4) 714(2) 3856(1) 60(1) C(1) 2436(7) 422(3) 4055(2) 53(1) 
N(1) 2451(5) -372(3) 4150(1) 64(1) N(2) 3638(5) 884(3) 4178(1) 63(1) 
0(2) 3772(4) 2667(2) 3934(1) 58(1) C(2) 3385(6) 2729(3) 3609(2) 50(1) 
N(3) 2488(5) 2174(3) 3440(1) 68(1) N(4) 3873(5) 3363(3) 3405(1) 60(1) 
0(3) 5595(4) 4738(2) 3783(1) 63(1) C(3) 5372(6) 4803(3) 4109(2) 53(1) 
N(5) 4550(5) 4238(3) 4286(1) 63(1) N(6) 5960(5) 5427(3) 4306(1) 74(1) 
0(4) 7192(4) 6855(2) 3943(1) 66(1) C(4) 7661(6) 6746(3) 3637(2) 49(1) 
N(7) 7393(5) 6045(3) 3452(1) 63(1) N(8) 8447(5) 7323(3) 3462(1) 68(1) 
0(5) 9454(4) 8826(2) 3846(1) 63(1) C(5) 8428(7) 9112(4) 4041(2) 55(1) 
N(9) 8447(5) 9903(3) 4138(1) 65(1) N(10) 7275(5) 8647(3) 4156(1) 72(1) 
0(6) 6149(5) 6360(3) 5012(1) 80(1) C(6) 5669(6) 7069(4) 4956(2) 56(1) 
N(11) 5467(5) 7592(3) 5231(1) 67(1) N(12) 5255(6) 7361(3) 4629(1) 81(1) 
0(7) 479(4) -7(2) 2560(1) 72(1) C(7) 401(6) 40(4) 2887(2) 60(1) 
N(13) -697(5) -731(3) 3077(1) 75(1) N(14) 275(5) 570(3) 3077(1) 83(1) 
F(1) 4700(4) 9013(2) 4660(1) 78(1) F(2) 1100(5) 2119(3) 2740(1) 132(1) 
0(1W) 6272(4) 10390(2) 4702(1) 79(1) 0(2W) 2525(5) 3580(3) 2646(1) 93(1) 
0(3W) 606(5) 1310(3) 2183(1) 90(1) N(15) 10808(4) 8026(3) 620(1) 51(1) 
C(8) 9809(6) 7357(3) 443(2) 60(1) C(9) 10632(7) 6737(4) 219(2) 83(1) 
C(10) 9515(8) 6153(4) 38(2) 115(1) C(11) 11686(6) 8486(4) 339(2) 64(1) 
C(12) 10742(7) 8826(4) 19(2) 86(1) C(13) 11815(8) 9288(4) -230(2) 106(1) 
C(14) 9695(6) 8589(3) 808(2) 60(1) C(15) 10443(6) 9309(4) 1015(2) 73(1) 
C(16) 9262(7) 9716(4) 1247(2) 93(1) C(17) 12033(6) 7659(3) 879(2) 59(1) 
C(18) 11423(6) 7218(4) 1202(2) 67(1) C(19) 12742(7) 6814(4) 1424(2) 84(1) 
N(16) 3580(5) 7150(3) -2056(1) 54(1) C(20) 4695(6) 6473(3) -1932(2) 60(1) 
C(21) 3929(6) 5689(3) -1817(2) 72(1) C(22) 5147(7) 5109(4) -1657(2) 92(1) 
C(23) 2464(6) 6852(4) -2362(1) 60(1) C(24) 3247(7) 6576(4) -2703(2) 82(1) 
C(25) 2032(7) 6213(4) -2966(2) 99(1) C(26) 4594(6) 7859(4) -2181(2) 74(1) 
C(27) 3732(7) 8611(4) -2317(2) 100(1) C(28) 4816(9) 9284(5) -2399(3) 159(1) 
C(29) 2573(6) 7416(4) -1753(2) 65(1) C(30) 3433(8) 7724(5) -1420(2) 103(1) 
C(31) 2340(8) 7963(5) -1134(2) 129(1) 
(w-C3H7)4N+CP2(NH2)2CO (2.1.2) 
0(1) 1588(3) 2728(2) 5338(2) 66(1) C(1) 626(5) 2420(3) 5627(3) 52(2) 
N(1) -748(4) 2412(3) 5069(3) 69(2) N(2) 896(4) 2096(3) 6518(3) 62(2) 
0(2) -1317(3) 2403(2) 2961(2) 63(1) C(2) -297(5) 2555(3) 2642(3) 53(2) 
N(3) -501(4) 2555(3) 1688(3) 69(2) N(4) 1013(4) 2752(3) 3225(3) 66(2) 
C1(1) 2604(1) 3320(1) 1585(1) 67(1) N(5) 5442(4) 587(2) 2978(3) 58(2) 
C(3) 6271(6) 590(3) 2257(4) 76(3) C(4) 6396(7) -293(4) 1815(4) 94(3) 
C(5) 7318(8) -205(5) 1166(5) 152(5) C(6) 6148(5) -7(3) 3832(4) 67(2) 
C(7) 7726(6) 138(4) 4353(4) 86(3) C(8) 8225(6) >417(4) 5255(4) 88(3) 
C(9) 5440(5) 1545(3) 3300(3) 61(2) C(10) 4701(5) 1740(3) 4040(3) 68(2) 
C(11) 4849(6) 2720(3) 4279(3) 74(2) C(12) 3914(5) 246(3) 2525(4) 67(2) 
C(13) 2978(6) 750(4) 1664(4) 86(3) C(14) 1531(7) 336(5) 1305(5) 129(4) 
C(14) 7952(7) -905(4) 325(2) 113(1) C(15) 9045(7) -965(4) 677(2) 115(1) 
(#1-C3H7)4N+Cr 3OVH2)2C:O (2.1.3) 
0(1) 594(3) 2650(2) 4078(2) 75(1) C(1) 1028(4) 3187(3) 3647(3) 60(1) 
N(1) 2236(4) 3582(2) 3974(2) 77(1) N(2) 323(4) 3417(2) 2827(2) 77(1) 
0(2) 3992(3) 2884(2) 5661(2) 67(1) C(2) 3654(4) 2217(3) 5941(3) 58(1) 
N(3) 4532(4) 1771(2) 6553(3) 87(1) N(4) 2384(4) 1893(2) 5644(2) 74(1) 
0(3) 7469(3) 2283(2) 7201(2) 68(1) C(3) 7470(4) 3032(3) 7364(3) 55(1) 
N(5) 8407(3) 3373(2) 8042(2) 65(1) N(6) 6535(3) 3543(2) 6860(2) 64(1) 
C1(1) 2539(1) 4675(1) 2114(1) 72(1) N(7) 7437(3) 5501(2) 2409(2) 55(1) 
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C(4) 6513(5) 5198(3) 3015(3) 79(1) C(5) 6977(5) 4507(3) 3614(3) 98(2) 
C(6) 6037(5) 4325(3) 4225(3) 106(2) C(7) 8879(5) 5669(3) 2946(3) 86(2) 
C(8) 9053(6) 6213(3) 3713(4) 113(2) C(9) 10513(5) 6312(4) 4238(3) 128(2) 
C(10) 6791(5) 6285(3) 1947(3) 86(2) C(11) 5466(5) 6228(3) 1287(4) 98(2) 
C(12) 4794(5) 7060(3) 1050(3) 98(2) C(13) 7489(5) 4840(3) 1715(3) 83(2) 
C(14) 8315(6) 4998(3) 1054(3) 101(2) C(15) 8298(7) 4322(3) 408(3) 121(2) 
(/f-C3H7)4Nlr30VH2)2COH2O(2.1.4)a 
0(1) 1064(2) 11502(2) 4108(2) 53(1) C(1) 1760(2) 12010(2) 4532(2) 47(1) 
N(1) 3340(2) 11272(2) 4629(2) 54(1) N(2) 940(2) 13289(2) 4929(2) 61(1) 
0(2) 4833(2) 8281(2) 4146(2) 49(1) C(2) 3722(2) 7887(2) 4564(2) 45(1) 
N(3) 4137(2) 6728(2) 5004(2) 62(1) N(4) 2065(2) 8611(2) 4614(2) 60(1) 
0(3) 7862(2) 4908(2) 4260(2) 50(1) C(3) 8242(2) 4791(2) 3393(2) 52(1) 
N(5) 9310(2) 3590(2) 2930(2) 65(1) N(6) 7594(2) 5860(2) 2917(2) 71(1) 
Br(l) 11415(1) 2386(1) 640(1) 88(1) 0(1W) 8058(3) 5426(2) 976(2) 133(1) 
N(7) 6010(2) 1669(2) 1783(2) 58(1) C(4) 7065(3) 2132(3) 965(2) 68(1) 
C(4,) 6278(3) 1870(3) 790(2) 68(1) C(5) 6115(3) 2838(3) 267(2) 101(1) 
C(5') 7105(3) 2857(3) 469(2) 125(1) C(6) 7309(3) 3126(3) -544(2) 102(1) 
C(7) 4378(3) 2911(2) 2233(2) 64(1) C(7,) 5232(3) 2909(3) 2453(2) 61(1) 
C(8) 4593(3) 4165(3) 2519(2) 84(1) C(8') 3562(3) 3973(3) 2351(3) 85(1) 
C(9) 2838(3) 5269(3) 2974(2) 103(1) C(10) 5555(3) 590(3) 1408(2) 61(1) 
C(10') 4813(3) 929(3) 2043(3) 63(1) C(11) 4737(3) -75(3) 2181(2) 88(1) 
C(11,) 5542(3) -536(3) 1652(3) 100(1) C(12) 4226(3) -1131(2) 1821(2) 101(1) 
C(13) 7066(3) 1228(2) 2455(2) 64(1) C(13,) 7719(3) 791(3) 1892(2) 73(1) 
C(14) 8637(3) -79(3) 2146(2) 91(1) C(14') 7808(3) -204(3) 2614(2) 253(1) 
C(15) 9446(3) -648(3) 2932(2) 113(1) 
(«-C3H7)4NV 30VH2)2CO H2O (2.1.5) 
0(1) 1005(3) 11524(2) 4176(2) 50(1) C(1) 1704(3) 12019(3) 4583(2) 43(1) 
N(1) 3275(3) 11287(3) 4662(2) 54(1) N(2) 935(4) 13297(3) 4941(3) 62(1) 
0(2) 4769(3) 8294(2) 4207(2) 49(1) C(2) 3678(3) 7892(3) 4606(2) 43(1) 
N(3) 4110(4) 6719(3) 5017(3) 62(1) N(4) 2058(3) 8616(3) 4642(3) 58(1) 
0(3) 7817(3) 4928(2) 4302(2) 49(1) C(3) 8172(4) 4811(3) 3442(2) 49(1) 
N(5) 9213(5) 3611(3) 2988(2) 67(1) N(6) 7474(5) 5871(3) 2967(2) 69(1) 
I(1) 11324(1) 2183(1) 591(1) 75(1) 0(1W) 7815(7) 5423(5) 1014(3) 118(2) 
N(7) 5914(4) 1649(3) 1826(2) 54(1) C(4) 6880(6) 2069(6) 965(3) 74(2) 
C(5) 5874(8) 2735(7) 276(4) 90(3) C(6) 6964(10) 3071(8) -511(4) 97(3) 
C(7) 4363(6) 2866(4) 2290(3) 72(2) C(8) 4552(9) 4129(6) 2551(4) 97(3) 
C(9) 2903(10) 5236(6) 2991(5) 109(3) C(10) 5455(5) 562(4) 1535(3) 66(2) 
C(11) 4694(9) -90(6) 2294(4) 89(3) C(12) 4291(8) -1166(6) 1941(4) 85(2) 
C(13) 7061(6) 1154(5) 2464(3) 76(2) C(14) 8613(7) -140(7) 2154(4) 94(3) 
C(15) 9522(8) -608(9) 2905(5) 111(3) 
a s.o.f. for C(4), C(5), C(7), C(8), C(10), C(11), C(13), and C(14) are 0.687, for C(4，)，C(5'), C(7') C(8'), C(10') 
C ( i r ) ’ C(13，）and C(14') are 0.313, 
Atom~~~U^i U 2^ % ^ ^ ^ Atom~~L^ C ^ fe C ^ 6 ^ U ^ 
2(w-C3H7)4N -^70^H2)2CO-3H2O(2.1.1) 
0(1) 58(2) 52(2) 70(2) 4(2) -10(2) 12(2) C(1) 58(2) 46(2) 57(2) -6(2) 11(2) 1(2) 
N(1) 59(2) 48(2) 85(2) -2(2) -6(2) 9(2) N(2) 67(2) 46(2) 75(2) -10(2) -11(2) 3(2) 
0(2) 74(2) 52(2) 49(2) -12(2) 1(2) 3(2) C(2) 44(2) 48(2) 60(2) 1(2) 13(2) 1(2) 
N(3) 78(2) 64(2) 60(2) -27(2) -6(2) 6(2) N(4) 68(2) 58(2) 54(2) -16(2) 2(2) 2(2) 
0(3) 76(2) 60(2) 53(2) -21(2) 9(2) -7(2) C(3) 56(2) 49(2) 53(2) 0(2) 2(2) ^(2) 
N(5) 79(2) 59(2) 51(2) -15(2) 5(2) 3(2) N(6) 104(2) 61(2) 59(2) -25(2) 23(2) -10(2) 
0(4) 86(2) 55(2) 60(2) -14(2) 27(2) -9(2) C(4) 37(2) 52(2) 57(2) 1(2) 2(2) 0(2) 
N(7) 81(2) 51(2) 56(2) -13(2) 9(2) -8(2) N(8) 81(2) 59(2) 64(2) -21(2) 19(2) -9(2) 
0(5) 68(2) 56(2) 67(2) -14(2) 17(2) -6(2) C(5) 55(2) 56(2) 53(2) -13(2) 2(2) -2(2) 
N(9) 66(2) 44(2) 87(2) -8(2) 15(2) 4(2) N(10) 77(2) 52(2) 90(2) -22(2) 32(2) -16(2) 
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z^z 
(l)z: (t)n- (I)61- (I>S (l)69 il)LP a)N 
(l)ir il)Zl (l)l il)lL il)Zll (t)lH (Ml)0 (l)L (l)ei- (l)gi- (l)S9 (l)90l (T)69 il>Q 
(i)n (i)gi- (i)9- (i)rg (i)ss (i)6z. (9)N (i)e (i)ei- (i)oi- (i)rg (D^g (i)iL (s)N 
(i)9 (1)9I- (i)9i- (i)99 (i)LP ii)zp (e)o (i)9 (i)H_ (i)ei- (i)sp (i)og (i)os (e)o 
(I)Or (l)or- (l)6l- (l)L2 (l)ZS (l)ll7 (p)K il)ZZ (I)91- (l)9l- (1)/.8 (1)冲(l)6t^ (£)N (i)o (i)n- (1)91- (i)ig (i)et^ (i)zv (z)o (i)i (i)ot- (i)ri- (i)09 (i)it7 (\)op (z)o 
(i)n- (I)63- (I)S- (I)88 (i)8e (i)rg (z)N (i)i- (i)o[- (i)n- (i)ez. ii)iP (i)et7 (i)N 
(i)n (i)oi- (i)6i- (i)rg (i)H7 (i)gi7 (i)o (i)z (i)er- (i)t^i- (i)oz. (i)et^ (i)z> (i)o 
(rrZ)O^I.O3�HN0£-J8UMt(‘HO-«) 
(e)iz- (e)t^t^ (e)i- (£)98 (e)iei (e)gn (gi)o (z)u (r)et7 (e)si (e)o6 (e)roi (e)iri (w)o 
(z)zi (z)oz (z)gi (z)Ls (z)LL (zM (ei)o (r)ee (r)ge iz)oz (e)eii (e)68 (e)66 (zi)o 
(z)Li iz)zz (zki (e)soi (e)ooi (e)06 (n)o (z)s- (z)pz (z)s (e)ooi (z)^i (zks (oi)o 
(e)it^ (z)oz (£)PZ- (£)Z6 (Oizz (OiL (6)3 (e)t7e- iz)Li ii)Li- (i)LU ii)LU (e)Oll (8)0 (z)i- (r)sr (z)iz- (z)z^ (e)iii (z)oL (Oo (z)ze (z)z£ (z)zz- (e)ioi (e)iei (e)o6 (9)o 
(z)sz (z)Li (z)L- (e)i6 (e)sii (e)z,8 (g)o (z)z (z)zz (z)6i- (z)§s (e)68 (z)i9 (t^)o 
(Z)Z- (z)6l (Zk- (z)69 (z)SV iz)zs (t)R (l)t" (l)ri (l)e- (l)9S (l)8l7 (l)8Z, (l)lO 
(r)e- (r)e- (z)9 iz)9i (r)ig (3)9g (9)N iz)s- iz)9- iz)i (Da (r)zs ([)8s (s)K (r)e (r)ei (z)o (z)i9 iz)99 (z)s^ (e)o (i)6- (i)i- (i)g (z)L^ (z)^p (z)09 (z)o 
(z)il (Z)8- (z)u- (r)l8 iZ)L9 iZ)l9 _ (Z)6Z (Z)ll- (Z)H- (Z)lU iZ)OL iZ)Z9 (£)N (Z)L- (Z)i iz)l- (Z)L£ (z)09 (r)es (z)0 (l)6 (I)I- (l)6- (Z)P9 (Z)£9 (Z)S9 (Z)0 
(Z)ZZ (Z)S- (Z)SI- {Z)LL (Z)6L (Z)P9 (r)N iZ)Ll iZ)r iZ)ZZ- iZ)lL (Z)98 (Z)S9 (l)N 
(Z)l- (z)p (z)0 (Z)i9 (Z)Z9 (r)og (I)3 (zkl (l)l- (Z)6l- (Z)59 (r)e8 (z)69 (i)o 
(crz) O3�HN)£  .I3+M’(tHD-«0 (5)sz (s)£- (g)ei- (9)rt7i (9)g11 (g)ooi (pi)j (e)ei (p)ii (e)s- (t^)86 (i7)g9 (t^)98 (ei)o 
(e)3 (e)oe d)pi- (p)6s (O9p (e)69 (zi)o (Os- (£kz (Oi (e)s9 (tO99 (tOo6 (ii)o 
(Op (£)SZ (£)1- (£)Z9 (P)L9 (p)6L (oi)o (z)z' (e)ie (e)8- (OlL (e)8l7 (£)OL (6)0 
(tOl- (£)6Z (P)51 (p)86 (P)Z6 (p)5L (s)j (t^)0 (t^)6Z (e)6- (9)l6 (t068 (t^)t^L (l)D 
(e)6 (£)Z£ (£> (£)08 (OZS (p)t^L (9)J (9)Sir (l)OPl (9)p- (8)Z6l (9)9II (s)ZOZ (s)0 
(,)n- (p)iL (t7)o (g)9ii (,)i9 (s)Lzi (p)D (Og- (p)ig (e)ii- (p)p6 (Oss (p)p6 (e)o 
(z)z (Z)££ (Z)9- (OZL (Z)lP (OS9 (S)N (l)e- il)Si (l)0 (l)L9 (l)SL il)P9 (l)lO (z)9 (z)£l (Z)6- (r)8t7 (e)lOI ii)LP (t^)N (z)l' (r)8I (Z)L- (z)8t^ (t7)90I (e)K (£)N 
(z)i (zki (e)e (e)15 (e)6s (e)6t7 (z)o (z)t^ (z)zi (z)6- (zkp (e)e6 (z)iP (z)o 
(Z)l- (Z)6l (Z)9- (r)8t7 (£)18 (Z)ZS (z)M iz)U (z)i\ ([)9_ iz)l9 (t^)90l (Z)8t^ (I)N (Z)P- (Z)Zl (e)e (£)6£ (i)69 (£)L9 (l)D (Z)l (Z)6l {Z)i\- iz)z^ (£),6 (Z)Z9 (l)0 
iZTZ) 03�HM)Z  -i;3+\W^�-") 
iz)L9- (z)Li- (z)\z (r)Toi (z)z9i iz)pzi (ie)o (z)li' (r)ei- (Z)9 (Z)Z6 (Z)lU (r)98 (oe)3 (r)l iz)p- iz)i {Z)ZL iZ)L9 (Z)SS (6Z)D 
iZ)06 (Z)Z£- (Z)9Z' (Z)Z£Z (Z)Sll (Z)PZI (SZ)D (Z)0£ (z)8' (Z)Z' (z)m (Z)\^L (Z)6L iLZ)D 
(Z)Sl (Z)9- (Z)ZI- iz)i6 (Z)LL (z)09 i9Z)D ([)S_ (z)i iZ)L- (Z)lL iz)izi (Z)90I (SZ)D (z)u (z)p iz)z- iz)99 (r)eii (r)99 (pz)o (z)u (z)9- (r)i- (z)19 ([)w^ iz)9p (ez)o 
(Z)Oi (Z)P (Z)9l (Z)P6 (Z)ZS (z)86 (ZZ)J (Z)6l (Z)ZI (z)6 (z)9S (z)S9 (Z)S9 (lZ)j (Z)Zl (Z)0 (Z)L iZ)ZL (Z)g9 (Z)ZP (OZ)D (r)Ol (Z)Z (z)0 iz)6^ (r)l9 iZ)lP (9I)N 
(z)sz (z)9i- (z)z- (r)68 (r)e8 (z)^t (6i)o iz)6 (z)L- (z)]r (r)r8 (z)p9 (r)t7g (gi)o (Z)Ll iZ)0 (Z)£ (r)89 (Z)i9 (Z)9P iLl)0 (Z)9Z- iZ)\- (z)S- (r)80l (Z)68 (Z)OS (9I)0 
(z)o (zk' (z)tr (z)ge (z)99 (z)95 (si)o (z)i- (r)i (z)z (zks (z)sg (z)6£ (M)o 
(Z)L£ (Z)LZ (Z)S£ (Z)P6 (r)Oll (z)ill (ei)0 (Z)9Z (Z)£ (z)Ll (z)L6 iZ)9L ([)98 (Zl)D 
(Z)n (Z)L (Z)Ol (Z)9L (r)89 (Z)8t^ (ll)0 iZ)\^ (Z)OI_ iZ)6l (z)r0l ([)96 (Z)SH (0l)0 (Zk' (Z)9 (Z)9l (Z)P6 (Z)09 (Z)P6 (6)3 iz)i- ([)8_ (z)S (z)^L (Z)8S (z)%P (8)0 
(Z)9 (Z)P (z)i- (z)L9 (r)es iz)si (si)N (r)si (r)8r (r)8i- iz)iL {z)L% (z)gu (Me)o 
(Z)H (Z)l (Z)U (Z)60l iZ)6L (Z)l6 (NiZ)0 (z)9- ([)H (z)Pl- (Z)PS (r)08 (Z)PL (MI)0 
(zXl (Z)lZ- (Z)Pl- (Z)PU (Z)POl (Z)LLl iZ)i (z)8' (Z)5' (l)e (z)96 (Z)P9 (Z)ZS (l)J 
(Z)Pl- (Z)Sl- (zkl' (Z)L9 (Z)69 (r)Oll (W)N iZ)Z (z)0 (z)z- (Z)Z9 (zXL (Z)LS (£l)N (Z)Z' (Z)P (z)g (Z)Z9 (z)09 (z)sg (i)o (z)z (z)s- (z)zi- (z)gs (z)s9 (zk6 (ik) 




0 0 ) 45(1) 39(1) 67(1) -12(1) -22(1) -2(1) C(1) 39(1) 38(1) 49(1) -13(1) -11(1) 2(1) 
N(1) 44(1) 42(1) 75(2) -9(1) -25(1) 4(1) N(2) 52(1) 40(1) 89(2) -6(1) -27(1) -11(1) 
0(2) 38(1) 41(1) 64(1) -12(1) -14(1) 6(1) C(2) 41(1) 36(1) 51(1) -13(1) -14(1) -2(1) 
N(3) 50(1) 46(1) 85(2) -17(1) -16(1) 16(1) N(4) 38(1) 46(1) 87(2) -13(1) -16(1) 9(1) 
0(3) 46(1) 45(1) 50(1) -11(1) -12(1) -2(1) C(3) 44(1) 47(1) 50(2) -15(1) -11(1) 2(1) 
N(5) 69(2) 54(2) 53(2) -3(1) -12(1) 4(1) N(6) 74(2) 56(2) 56(2) -9(1) -12(1) 12(1) 
I(1) 55(1) 89(1) 66(1) -17(1) -9(1) >6(1) 0(1W) 124(4) 97(3) 79(2) -9(2) 0(2) 8(2) 
N(7) 49(1) 64(2) 46(1) -20(1) -11(1) -3(1) C(4) 64(2) 95(3) 57(2) -30(2) -9(2) 3(2) 
C(5) 86(3) 114(4) 69(3) ^0(3) -24(2) 17(3) C(6) 125(5) 113(4) 63(3) -61(4) -25(3) 22(3) 
C(7) 68(2) 68(2) 62(2) -16(2) -2(2) 4(2) C(8) 124(5) 75(3) 77(3) -31(3) -18(3) -7(2) 
C(9) 126(5) 69(3) 96(4) -21(3) 5(4) -17(3) C(10) 62(2) 72(2) 58(2) -23(2) -12(2) -8(2) 
C(11) 101(4) 94(3) 77(3) ^8(3) -17(3) 0(2) C(12) 97(3) 80(3) 90(3) ^5(3) -28(3) 6(2) 
C(13) 73(2) 90(3) 75(2) -35(2) -35(2) 14(2) C(14) 77(3) 100(4) 93(3) -17(3) -34(3) 9(3) 
C(15) 84(3) 135(5) 100(4) -20(3) 49(3) 25(4) 
Atom X y z U Atom x y z U 
2(w-C3H7)4Nt 70VH2)2CO.3H2O (2.1.1) 
H(lA) 3230 -576 4294 80 H(lB) 1673 -703 4068 80 
H(2A) 4412 675 4322 80 H(2B) 3647 1419 4118 80 
H(3A) 2224 2222 3203 80 H(3B) 2139 1744 3566 80 
H(4A) 3590 3396 3169 80 H(4B) 4487 3754 3508 80 
H(5A) 4393 4280 4524 80 H(5B) 4137 3814 4159 80 
H(6A) 5806 5472 4544 80 H(6B) 6529 5807 4193 80 
H(7A) 7721 5982 3225 80 H(7B) 6864 5639 3557 80 
H(8A) 8757 7238 3236 80 H(8B) 8668 7801 3575 80 
H(9A) 7687 10101 4275 80 H(9B) 9211 10237 4066 80 
H(lOA) 6530 8861 4293 80 H(lOB) 7241 8112 4095 80 
H(llA) 5086 8100 5192 80 H(llB) 5726 7424 5457 80 
H(12A) 5361 7036 4435 80 H(12B) 4879 7873 4601 80 
H(13A) ^53 -765 3315 80 H(13B) -1140 -1161 2960 80 
H(14A) 501 512 3315 80 H(14B) 493 1045 2965 80 
H(lWA) 5765 9943 4685 80 H(lWB) 5974 10579 4902 80 
H(2WA) 1988 4000 2585 80 H(2WB) 2079 3121 2676 80 
H(3WA) 217 911 2296 80 H(3WB) 787 1595 2372 80 
H(8C) 8998 7610 296 80 H(8D) 9314 7059 631 80 
H(9C) 11394 6445 366 100 H(9D) 11169 7025 35 100 
H(lOC) 10063 5770 -107 120 H(lOD) 8988 5862 223 120 
H(lOE) 8762 6447 -111 120 H(llC) 12470 8127 249 80 
H(llD) 12212 8942 454 80 H(12C) 9934 9180 101 100 
H(12D) 10264 8378 -113 100 H(13C) 11242 9505 437 120 
H(13D) 12286 9730 -93 120 H(13E) 12617 8925 -308 120 
H(14C) 9097 8271 972 80 H(14D) 8981 8810 627 80 
H(15A) 10837 9704 849 100 H(15B) 11305 9108 1164 100 
H(16A) 9741 10163 1380 120 H(16B) 8408 9920 1097 120 
H(16C) 8878 9319 1414 120 H(17A) 12705 8091 969 80 
H(17B) 12657 7282 747 80 H(18A) 10694 6807 1117 100 
H(18B) 10881 7598 1350 100 H(19A) 12341 6527 1627 120 
H(19B) 13273 6434 1273 120 H(19C) 13461 7230 1508 120 
H(20A) 5327 6671 -1730 80 H(20B) 5376 6348 -2124 80 
H(21A) 3398 5441 -2022 100 H(21B) 3178 5808 -1638 100 
H(22A) 4689 4602 -1582 120 H(22B) 5889 5000 -1839 120 
H(22C) 5668 5368 -1453 120 H(23A) 1738 7283 -2424 80 
H(23B) 1879 6396 -2274 80 H(24A) 4036 6174 -2644 100 
H(24B) 3729 7039 -2814 100 H(25A) 2485 6034 -3186 120 
H(25B) 1559 5753 -2851 120 H(25C) 1251 6622 -3021 120 
H(26A) 5253 7665 -2366 80 H(26B) 5254 8038 -1980 80 
203 
Appendix 
H(27A) 2990 8780 -2145 100 H(27B) 3179 8467 -2539 100 
H(28A) 4281 9763 -2491 120 H(28B) 5362 9415 -2175 120 
H(28C) 5551 9102 -2571 120 H(29A) 1940 6958 -1686 80 
H(29B) 1885 7842 -1841 80 H(30A) 4058 8188 -1482 100 
H(30B) 4119 7301 -1328 100 H(31A) 2913 8158 -923 120 
H(31B) 1664 8390 -1227 120 H(31C) 1725 7496 -1071 120 
(#f-C3H7)4N+Cr 2a^ H2)2C:O (2.1.2) 
H(lA) -1019 2652 4472 80 H(lB) -1397 2133 5281 80 
H(2A) 254 1855 6764 80 H(2B) 1823 2145 6887 80 
H(3A) 198 2720 1449 80 H(3B) -1380 2420 1282 80 
H(4A) 1638 2910 2920 80 H(4B) 1295 2741 3877 80 
H(3C) 7184 883 2487 80 H(3D) 5662 929 1727 80 
H(4C) 5498 -597 1545 100 H(4D) 7031 -647 2319 100 
H(5A) 7510 -736 870 120 H(5B) 6666 159 682 120 
H(5C) 8199 109 1456 120 H(6A) 6025 -596 3578 80 
H(6B) 5687 28 4320 80 H(7A) 7886 758 4478 100 
H(7B) 8245 ^ 7 3931 100 H(8A) 9232 -316 5569 120 
H(8B) 7699 -226 5670 120 H(8C) 8061 -1035 5121 120 
H(9A) 4986 1851 2703 80 H(9B) 6417 1742 3559 80 
H(lOA) 5085 1370 4598 100 H(lOB) 3704 1597 3747 100 
H(llA) 4342 2820 4733 120 H(llB) 5846 2860 4579 120 
H(llC) 4453 3089 3721 120 H(12A) 3412 214 2990 80 
H(12B) 4042 -345 2333 80 H(13A) 3477 807 1199 100 
H(13B) 2776 1331 1850 100 H(14A) 930 642 745 120 
H(14B) 1746 -242 1120 120 H(14C) 1041 284 1776 120 
(«-C3H7)4N+Cr.3^2)2CO (2.1.3) 
H(lA) 2528 3970 3641 80 H(lB) 2750 3459 4526 80 
H(2A) 676 3812 2531 80 H(2B) A9\ 3175 2567 80 
H(3A) 4250 1288 6737 80 H(3B) 5403 1952 6784 80 
H(4A) 2190 1405 5865 80 H(4B) 1729 2153 5229 80 
H(5A) 8381 3919 8132 80 H(5B) 9060 3064 8405 80 
H(6A) 6575 4083 6991 80 H(6B) 5877 3351 6395 80 
H(4C) 5616 5068 2641 80 H(4D) 6390 5649 3395 80 
H(5C) 7906 4608 3959 100 H(5D) 6997 4032 3246 100 
H(6C) 6364 3859 4599 120 H(6D) 6028 4800 4596 120 
H(6E) 5111 4219 3877 120 H(7A) 9408 5896 2549 80 
H(7B) 9295 5153 3164 80 H(8A) 8481 6014 4097 100 
H(8B) 8728 6749 3501 100 H(9A) 10589 6676 4741 120 
H(9B) 10827 5774 4450 120 H(9C) 11076 6515 3850 120 
H(lOA) 7452 6531 1654 80 H(lOB) 6651 6661 2403 80 
H(llA) 4848 5883 1526 100 H(llB) 5621 5978 749 100 
H(12A) 3921 7014 616 120 H(12B) 4642 7303 1591 120 
H(12C) 5419 7398 810 120 H(13A) 6551 4737 1387 80 
H(13B) 7832 4343 2028 80 H(14A) 9263 5088 1372 100 
H(14B) 7983 5492 733 100 H(15A) 8862 4457 -6 120 
H(15B) 8645 3829 728 120 H(15C) 7353 4237 83 120 
(«-C3H7)4N�r30VH2)2COH2O(2.1.4) 
H(lA) 3805 11659 4941 80 H(lB) 3934 10405 4376 80 
H(2A) 1452 13637 5235 80 H(2B) -121 13805 4885 80 
H(3A) 3314 6459 5312 80 H(3B) 5234 6215 4984 80 
H(4A) 1279 8308 4929 80 H(4B) 1740 9398 4335 80 
H(5A) 9560 3521 2313 80 H(5B) 9777 2852 3231 80 
H(6A) 7875 5754 2300 80 H(6B) 6875 6683 3211 80 




H(lA) 3759 11664 4957 80 H(lB) 3839 10419 4423 80 
H(2A) 1465 13634 5231 80 H(2B) -114 13825 4900 80 
H(3A) 3323 6435 5304 80 H(3B) 5194 6213 5001 80 
H(4A) 1296 8309 4934 80 H(4B) 1726 9411 4376 80 
H(5A) 9433 3531 2376 80 H(5B) 9698 2884 3292 80 
H(6A) 7710 5763 2356 80 H(6B) 6762 6689 3258 80 
H(lWA) 8658 4656 914 80 H(lWB) 8022 5978 645 80 
H(4C) 7810 1257 661 80 H(4D) 7337 2647 1153 80 
H(5C) 4963 3572 559 100 H(5D) 5411 2173 73 100 
H(6C) 6319 3528 -936 120 H(6D) 7412 3647 -311 120 
H(6E) 7865 2235 -801 120 H(7A) 3849 2587 2845 80 
H(7B) 3588 3128 1911 80 H(8A) 5050 4436 2005 100 
H(8B) 5293 3900 2948 100 H(9A) 3067 6023 3136 120 
H(9B) 2169 5471 2589 120 H(9C) 2415 4930 3540 120 
H(lOA) 6457 -153 1182 80 H(lOB) 4703 933 1147 80 
H(llA) 3681 613 2648 100 H(llB) 5441 476 2682 100 
H(12A) 3785 -1541 2446 120 H(12B) 3531 -777 1559 120 
H(12C) 5306 -1876 1594 120 H(13A) 6425 1004 3030 80 
H(13B) 7393 1856 2587 80 H(14A) 9343 24 1635 100 
H(14B) 8317 -833 1971 100 H(15A) 10512 -1432 2691 120 
H(15B) 9829 ^ ^ m H(15C) 8794 -781 3420 120 
Table A-1,2 Atomic coordinates (x 10’ and thermal parameters* (A^  x 10 )^ of 2 . 1 . 6 � 2 . 1 . 7 
Atom X y z “叫 Atom x y z “叫 
(C2Hs)4NtCO3 0VH2)2CO 2H2O (2.1.6) 
C(1) 1584(5) 1409(2) 6225(4) 56(1) 0(1) 1561(4) 1442(1) 5215(2) 76(1) 
N(1) 2764(4) 1260(1) 6752(3) 67(1) N(2) 479(4) 1508(1) 6863(3) 71(1) 
C(2) 5312(5) 1139(2) 4489(4) 59(1) 0(2) 5382(4) 1109(1) 5521(3) 75(1) 
N(3) 4148(4) 1287(1) 3963(3) 68(1) N(4) 6428(4) 1016(2) 3866(3) 83(1) 
C(3) 5315(5) 1174(2) 1069(4) 58(1) 0(3) 4135(3) 1193(1) 1590(2) 76(1) 
0(4) 6490(4) 1182(2) 1513(3) 93(1) 0(5) 5237(4) 1142(1) -2(3) 78(1) 
C(4) 1587(5) 1252(2) -360(4) 62(1) 0(6) 2747(4) 1208(2) -873(3) 89(1) 
0(7) 397(4) 1287(2) -810(3) 95(1) 0(8) 1642(4) 1271(1) 724(2) 77(1) 
0(1W) 9298(4) 927(1) 1903(3) 79(1) 0(2W) 9524(4) 850(1) 4233(3) 83(1) 
0(3W) 7351(4) 1685(1) 6539(3) 86(1) 0(4W) 7603(4) 1532(1) 8842(3) 82(1) 
N(5) 9332(4) 2363(1) 3013(3) 65(1) C(5) 10589(5) 2034(2) 3000(4) 72(1) 
C(6) 12021(5) 2248(2) 2741(5) 101(1) C(7) 9577(6) 2738(2) 3867(4) 81(1) 
C(8) 9697(7) 2569(2) 5043(4) 114(1) C(9) 8025(6) 2078(2) 3275(5) 97(1) 
C(10) 6615(6) 2350(2) 3342(6) 139(1) C(11) 9178(5) 2599(2) 1915(4) 81(1) 
C(12) 8990(6) 2286(2) 931(4) 126(1) N(6) 7504(4) 134(1) 7558(3) 55(1) 
C(13) 8690(5) 465(2) 7249(4) 71(1) C(14) 10161(5) 257(2) 7101(4) 93(1) 
C(15) 6141(5) 413(2) 7659(4) 73(1) C(16) 4810(5) 144(2) 7955(4) 99(1) 
C(17) 7382(5) -236(2) 6698(4) 73(1) C(18) 7097(6) -72(2) 5529(4) 99(1) 
C(19) 7823(5) -105(2) 8621(4) 74(1) C(20) 8022(6) 213(2) 9628(4) 102(1) 
(w-C4H9)4N^CO3-30VH2)2CO(2.1.7) 
0(1) 5116(2) 0 7571(3) 75(1) N(1) 3640(3) 0 7922(3) 72(1) 
C(1) 4168(3) 0 6794(3) 63(1) N(2) 3616(2) 0 4628(3) 64(1) 
C(2) 2578(3) 0 3511(4) 68(1) 0(2) 1950(2) 0 4235(3) 91(1) 
0(3) 2330(2) 0 1469(3) 67(1) C(3) 1233(3) 0 100(4) 73(1) 
C(4) 1038(3) 0 -2056(4) 84(1) 
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Atom Uu U22 U33 Uu Uu U23 Atom Uu U22 U33 Uu Uu U23 
(C2Hs)4N^C03-p^H2)2C0-2H20(2.1.6) 
C(1) 51(1) 57(1) 60(1) -8(1) -7(1) 1(1) 0(1) 76(1) 108(1) 44(1) 0(1) -9(1) 17(1) 
N(1) 61(1) 92(1) 49(1) -5(1) 2(1) -3(1) N(2) 55(1) 95(1) 63(1) 11(1) -2(1) -2(1) 
C(2) 58(1) 60(1) 60(1) -12(1) 2(1) 12(1) 0(2) 64(1) 110(1) 51(1) -7(1) -8(1) 6(1) 
N(3) 55(1) 93(1) 55(1) 15(1) -9(1) 11(1) N(4) 54(1) 131(1) 64(1) 15(1) 0(1) 25(1) 
C(3) 56(1) 68(1) 51(1) 5(1) -7(1) 4(1) 0(3) 50(1) 128(1) 51(1) -2(1) 4(1) 9(1) 
0(4) 52(1) 155(1) 73(1) 3(1) -14(1) -2(1) 0(5) 54(1) 130(1) 50(1) 4(1) 1(1) -3(1) 
C(4) 55(1) 81(1) 50(1) -3(1) 4(1) 9(1) 0(6) 51(1) 167(1) 49(1) 8(1) -1(1) 1(1) 
0(7) 51(1) 160(1) 74(1) 8(1) -14(1) 17(1) 0(8) 42(1) 134(1) 54(1) 6(1) -3(1) 3(1) 
0(1W) 56(1) 109(1) 72(1) 9(1) 4(1) 9(1) 0(2W) 83(1) 100(1) 66(1) -7(1) -11(1) -5(1) 
0(3W) 88(1) 91(1) 79(1) 4(1) -17(1) -2(1) 0(4W) 56(1) 107(1) 82(1) 8(1) 5(1) 6(1) 
N(5) 69(1) 40(1) 86(1) 4(1) -7(1) 4(1) C(5) 90(1) 55(1) 72(1) 18(1) -6(1) 10(1) 
C(6) 74(1) 84(1) 145(1) 13(1) 4(1) 25(1) C(7) 108(1) 52(1) 85(1) 4(1) 2(1) -12(1) 
C(8) 178(1) 87(1) 76(1) 4(1) 2(1) -23(1) C(9) 92(1) 65(1) 132(1) -33(1) 10(1) -2(1) 
C(10) 81(1) 104(1) 232(1) -19(1) 26(1) -6(1) C(11) 84(1) 73(1) 87(1) 12(1) -12(1) 28(1) 
C(12) 143(1) 163(1) 71(1) 12(1) -29(1) 9(1) N(6) 60(1) 42(1) 64(1) 3(1) -1(1) 5(1) 
C(13) 78(1) 47(1) 87(1) -1(1) 9(1) 1(1) C(14) 78(1) 74(1) 128(1) >5(1) 21(1) 5(1) 
C(15) 70(1) 61(1) 87(1) 3(1) 4(1) -3(1) C(16) 70(1) 100(1) 127(1) 3(1) 8(1) 9(1) 
C(17) 75(1) 52(1) 92(1) 0(1) -2(1) -8(1) C(18) 115(1) 110(1) 71(1) -3(1) -9(1) -18(1) 
C(19) 73(1) 63(1) 86(1) 11(1) 5(1) 23(1) C(20) 127(1) 115(1) 65(1) 17(1) -14(1) -12(1) 
(w-C4H9)4N�CO3 30VH2)2CO (2.1.7) 
0(1) 54(1) 137(1) 34(1) 0 19(1) 0 N(1) 63(1) 118(1) 39(1) 0 27(1) 0 
C(1) 59(1) 96(1) 36(1) 0 24(1) 0 N(2) 50(1) 111(1) 35(1) 0 22(1) 0 
C(2) 60(1) 104(1) 42(1) 0 25(1) 0 0(2) 57(1) 166(1) 56(1) 0 30(1) 0 
0(3) 55(1) 107(1) 36(1) 0 18(1) 0 C(3) 54(1) 98(1) 63(1) 0 23(1) 0 
C(4) 63(1) 127(1) 57(1) 0 21(1) 0 
Atom X y z U Atom x y z U 
(C2Hs)4NtC03-G^H2)2C0.2H20(2.1.6) 
H(lA) 2779 1239 7490 80 H(lB) 3540 1181 6358 80 
H(2A) 556 1479 7598 80 H(2B) -341 1610 6563 80 
H(3A) 4146 1303 3224 80 H(3B) 3370 1373 4345 80 
H(4A) 6370 1039 3130 80 H(4B) 7236 912 4182 80 
H(50) 4256 1126 -365 80 H(80) 2570 1211 1010 80 
H(lWA) 10007 1030 1545 80 H(lWB) 8437 1005 1783 80 
H(2WA) 10133 1028 4528 80 H(2WB) 9453 874 3539 80 
H(3WA) 6817 1514 6148 80 H(3WB) 7447 1605 7208 80 
H(4WA) 8413 1428 9038 80 H(4WB) 6904 1413 9185 80 
H(5A) 10421 1791 2482 100 H(5B) 10638 1898 3719 100 
H(6A) 12744 2049 3054 150 H(6B) 12082 2544 3081 150 
H(6C) 12172 2280 1963 150 H(7A) 8749 2933 3854 120 
H(7B) 10389 2920 3660 120 H(8A) 9843 2830 5514 150 
H(8B) 8842 2412 5261 150 H(8C) 10500 2366 5104 150 
H(9A) 8140 1920 3964 120 H(9B) 7932 1850 2709 120 
H(lOA) 5832 2145 3489 200 H(lOB) 6683 2572 3922 200 
H(lOC) 6457 2503 2654 200 H(llA) 10011 2783 1779 100 
H(llB) 8365 2800 1956 100 H(12A) 8902 2462 267 150 
H(12B) 9823 2094 887 150 H(12C) 8156 2097 1023 150 
H(13A) 8743 711 7771 80 H(13B) 8425 595 6552 80 
H(14B) 10231 64 6463 120 H(14C) 10404 80 7742 120 
H(14A) 10822 514 7029 120 H(15A) 5978 583 6993 100 
H(15B) 6309 633 8233 100 H(16A) 4041 361 8018 150 
H(16B) 4592 -74 7387 150 H(16C) 4931 -13 8643 150 
H(17A) 6617 "437 6916 100 H(17B) 8253 ^10 6718 100 
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H(18A) 7064 -336 5056 150 H(18B) 6194 84 5506 150 
H(18C) 7839 132 5284 150 H(19A) 8636 -303 8542 80 
H(19B) 7009 -293 8788 80 H(20A) 8171 37 10287 150 
H(20B) 8873 383 9461 150 H(20C) 7240 421 9738 150 
(w-C4H9)4N$C03.3_2)2C0(2.1.7) 
H(lA) 2949 0 7258 80 H(lB) 3962 0 9330 80 
H(2A) 3979 0 3869 80 H(3A) 923 1128 370 80 
H(3B) 923 -1128 370 80 H(4A) 1356 1133 -2295 80 
H(4B) 1356 -1133 -2295 ^ H(4C) 3 ^ 0 -2995 80 
Table A-1.3 Atomic coordinates (x 10^ ) and thermal parameters*�R x 10^ ) of 2.1,8-2.1.9 
Atom X y z "eq Atom x y z C4q 
(CH3)4N^H2CONHCO25a^H2)2CO(2.l.8) 
0(1) 10354(3) 466(2) 3168(2) 61(1) C(1) 11436(4) 316(2) 2795(3) 45(1) 
N(1) 12675(4) 242(3) 3235(2) 64(1) N(2) 11405(4) 216(3) 1945(2) 60(1) 
0(2) 10364(4) 2846(2) 3377(2) 71(1) C(2) 9934(4) 2773(3) 2611(3) 52(1) 
N(3) 9640(5) 2055(3) 2271(3) 73(1) N(4) 9754(5) 3397(3) 2093(3) 77(2) 
0(3) 8856(4) 2544(2) 529(2) 68(1) C(3) 7894(5) 2441(3) ^5(2) 52(1) 
N(5) 7588(4) 1711(2) -348(2) 63(1) N(6) 7146(5) 3057(2) -375(3) 73(1) 
0(4) 7001(4) 2466(2) 4338(3) 79(1) C(4) 7313(5) 3088(3) 4725(3) 61(2) 
N(7) 8551(5) 3442(3) 4653(3) 80(2) N(8) 6439(6) 3435(3) 5233(4) 105(2) 
0(5) 6899(4) -279(2) 4762(2) 71(1) C(5) 6943(4) 460(3) 4652(3) 52(1) 
N(9) 5878(4) 934(2) 4809(3) 74(2) N(10) 8099(4) 813(3) 4391(3) 69(1) 
0(6) 8544(3) 454(2) 988(2) 61(1) C(6) 7530(4) 334(2) 1428(2) 45(1) 
0(7) 4903(3) 38(2) 2160(2) 53(1) 0(8) 3879(3) 71(2) 831(2) 57(1) 
C(7) 4929(4) 115(2) 1366(2) 39(1) N(11) 7649(4) 265(3) 2273(2) 62(1) 
N(12) 6206(3) 282(2) 1016(2) 43(1) N(13) 4769(4) 2812(2) 2120(2) 64(1) 
C(8) 3929(17) 3175(8) 1374(7) 227(9) C(9A) 3981(21) 2910(16) 2909(8) 146(13) 
C(lOA) 6054(16) 3347(11) 2240(15) 140(11) C(llA) 5220(26) 1984(7) 1983(17) 182(17) 
C(9B) 5096(33) 3384(10) 2842(10) 180(18) C(lOB) 3916(28) 2124(13) 2450(19) 262(25) 
C(llB) 6080(20) 2446(18) 1848(17) 254(23) 
(w-C3H7)4N^H2CONHCO2-30^H2)2CO(2.1.9) 
0(1) 5538(4) 4573(1) 4282(2) 63(1) C(1) 4986(4) 4889(2) 4842(2) 52(1) 
N(1) 3805(5) 5359(2) 4706(2) 73(1) N(2) 5554(5) 4784(2) 5632(2) 66(1) 
0(2) 2227(4) 5841(1) 2892(2) 54(1) C(2) 1191(4) 5982(1) 2323(2) 45(1) 
N(3) 972(4) 5579(2) 1637(2) 63(1) N(4) 258(4) 6547(2) 2355(2) 68(1) 
0(3) 2831(4) 4291(1) 1346(2) 55(1) C(3) 3618(4) 4055(2) 1975(2) 44(1) 
N(5) 3931(5) 4479(2) 2638(2) 76(1) N(6) 4172(4) 3373(1) 2014(2) 62(1) 
0(4) 6169(4) 2804(1) 3403(2) 79(1) C(4) 7075(4) 2688(2) 4030(2) 49(1) 
N(7) 7843(4) 2063(1) 4144(2) 61(1) N(8) 7278(4) 3224(1) 4616(2) 47(1) 
C(5) 8188(4) 3192(2) 5390(2) 48(1) 0(5) 8898(4) 2623(1) 5597(2) 62(1) 
0(6) 8151(4) 3769(2) 5806(2) 68(1) N(9) 3867 2125(1) 6026 48(1) 
C(6) 4583(4) 1627(2) 5434(2) 56(1) C(7) 3535(6) 1076(3) 4975(3) 91(2) 
C(8) 4354(8) 584(3) 4459(4) 118(2) C(9) 2603(4) 2594(2) 5570(2) 57(1) 
C(10) 3070(5) 3078(2) 4890(3) 78(1) C(11) 1714(6) 3487(3) 4466(3) 92(2) 
C(12) 5136(4) 2596(2) 6453(2) 56(1) C(13) 4658(5) 3135(2) 7082(3) 76(1) 
C(14) 6058(6) 3486(3) 7566(3) 93(2) C(15) 3122(5) 1666(2) 6643(2) 59(1) 
C(16) 4207(6) 1189(3) 7196(3) 86(2) C(17) 3368(8) 656(3) 7670(3) 108(2) 
Atom Uu "22 "33 Un "13 "23 Atom Uu "22 "33 "12 "13 "23 
(CH3)4N^H2CONHCO25O^H2)2CO(2.l.8) 
0(1) 39(1) 90(2) 54(2) 13(1) 11(1) 4(1) C(1) 41(2) 45(2) 50(2) 1(2) 4(2) 4(2) 
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(Z)tr (Z)l (Z)6- (Z)99 iz)LP (£)18 (1)^0 (Z)H_ iZ)9l (Z)IZ' ([)t^6 (z)eS (z)06 (t^X) (Z)9 (Z)n' iZ)9- (Z)ZL iZ)Z9 (£)06 (9)N (Z)i- iz)zi' {Z)L' (z)09 ([)t^S (Z)ZL (g)N 
(r)t7 (Z)l (r)8- (Z)6i (r)l7g iz)i9 (e)3 (l)l- (Z)ZZ- (z)U- (r)8S (z)99 iz)9L (£)0 (z)ii' (z)si- (r)ii- (r)i9 iz)99 (e)iii _ (z)L- iz)91- (r)e (r)eg (r)8s (e)soi (e)N 
(Z)8- (Z)9- (Z)L (Z)6P (z)eg (Z)lS iZ)D (l)ll- (l)8l- iZ)P (Z)TS (z)6L (z)6L iz)0 (Z)9 (l)L (Z)6 (Z)9P (£)88 (Z)9P (Z)N. (z)l- (l)e iZ)il (z)P9 (i)S6 (z)£P (I)N 
xtpuaddy 
Appendix 
H(6NB) 4360 3035 1517 120 H(6NA) 4959 3249 2464 12 
H(7NA) 8377 2026 4578 120 H(7NB) 7687 1694 3778 120 
H(8N) 7037 3667 4446 120 H(6A) 5402 1358 5741 120 
H(6B) 4988 1938 5041 120 H(7A) 3035 794 5360 120 
H(7B) 2784 1336 4611 120 H(8A) 3654 241 4169 120 
H(8B) 4853 862 4072 120 H(8C) 5105 320 4821 120 
H(9A) 1806 2272 5329 120 H(9B) 2211 2909 5964 120 
H(lOA) 3828 3424 5121 120 H(lOB) 3491 2774 4495 120 
H(llA) 2016 3792 4035 120 H(llB) 956 3140 4236 120 
H(l lC) 1294 3789 4862 120 H(12A) 5920 2282 6723 120 
H(12B) 5545 2879 6037 120 H(13A) 4066 2878 7445 120 
H(13B) 4053 3523 6809 120 H(14A) 5756 3823 7967 120 
H(14B) 6663 3098 7839 120 H(14C) 6651 3744 7203 120 
H(15A) 2624 1994 6984 120 H(15B) 2374 1349 6346 120 
H(16A) 4815 1497 7585 120 H(16B) 4863 932 6866 120 
H(17A) 4082 358 8017 120 H(17B) 2713 912 8001 120 
H(17C) 2761 ^ 7 ^ 1_20 
Table A-1.4 Atomic coordinates (x 10 )^ and thermal parameters* (A^ x 10 )^ of 2 .1 .10-2.1.13 
Atom X y z C4q Atom x y z "eq 
(CH3)4N^O(OH)2 2OVH2)2CO H2O (2.1.10) 
0(1) 8305(2) 2500 884(2) 74(1) C(1) 8495(3) 2500 1799(3) 50(1) 
N(1) 8594(2) 855(3) 2299(2) 69(1) 0(2) 8500(2) 7500 947(2) 63(1) 
C(2) 7859(3) 7500 458(3) 51(1) N(2) 7500(2) 9135(3) 181(2) 70(1) 
N(3) 5863(2) 7500 3192(3) 75(1) C(3) 6746(3) 7500 3046(5) 99(1) 
C(4) 5461(4) 7500 2183(4) 96(1) C(5) 5627(3) 5773(5) 3756(3) 107(1) 
B(1) 5422(3) 7500 -385(3) 41(1) 0(3) 4688(1) 7500 4(2) 45(1) 
0(4) 5860(1) 9160(2) -609(1) 45(1) 0(1W) 3705(2) 7500 -1737(3) 102(1) 
(C2Hs)4N$C03B(0HV/^0(2.1.11)a 
C(1) 5575(4) 5097(2) 1411(2) 42(1) 0(1) 3873(3) 4997(2) 969(2) 70(1) 
0(2) 7011(3) 5177(2) 949(2) 77(1) 0(3) 5828(3) 5124(2) 2265(1) 58(1) 
B(1) 10941(5) 5053(3) 2698(2) 46(1) 0(4) 10674(3) 5194(2) 1792(1) 61(1) 
0(5) 12707(3) 4940(2) 3173(1) 63(1) 0(6) 9444(3) 5025(2) 3181(1) 70(1) 
0(1W) 10613(12) 5323(6) 4992(4) 140(4) N(1) 4581(3) 2696(2) 5321(2) 43(1) 
C(2) 5251(4) 3512(3) 4747(2) 63(1) C(3) 6049(5) 3151(3) 3905(3) 90(2) 
C(4) 3149(5) 2054(2) 4756(2) 60(1) C(5) 1412(5) 2573(3) 4274(3) 79(1) 
C(6) 3717(5) 3187(2) 6076(2) 61(1) C(7) 3115(5) 2499(3) 6789(2) 77(2) 
C(8) 6222(4) 2043(2) 5697(2) 61(1) C(9) 7779(5) 2529(3) 6340(3) 83(2) 
(w-C3H7)4N+[BsO6(OH)4]40^ H2)2C:OH2O(2.1.12) 
B(1) 2283(4) 5643 1816(3) 88(1) B(2) 2962(4) 5658(4) 105(3) 136(1) 
B(3) 113(4) 5713(4) 156(3) 133(1) B(4) 3063(4) 4878(3) 3485(3) 60(1) 
B(5) 3495(4) 6352(3) 3476(3) 55(1) 0(1) 3399(4) 5555(3) 1139(3) 109(1) 
0(2) 572(4) 5701(3) 1197(3) 110(1) 0(3) 2449(4) 4879(3) 2462(3) 98(1) 
0(4) 2745(4) 6374(3) 2451(3) 81(1) 0(5) 1328(4) 5722(3) 413(3) 148(1) 
0(6) 3642(3) 5613(3) 4014(2) 64(1) 0(7) 4152(4) 5674(3) 476(3) 163(1) 
0(8) -1511(4) 5765(3) -330(3) 161(1) 0(9) 3205(3) 4187(3) 4071(3) 67(1) 
0(10) 4141(3) 7040(3) 4005(3) 66(1) 0(11) 2202(3) 2881(3) 2697(3) 70(1) 
C(1) 685(4) 2875(3) 2215(3) 64(1) N(1) -115(4) 3578(3) 1909(3) 80(1) 
N(2) -117(4) 2157(3) 1979(3) 91(1) 0(12) 2577(3) 646(3) 2452(3) 78(1) 
C(2) 3417(4) 685(3) 3367(3) 63(1) N(3) 4034(3) 3(3) 3884(3) 68(1) 
N(4) 3686(4) 1414(3) 3851(3) 84(1) 0(13) 3940(3) -1585(3) 2780(3) 69(1) 
C(3) 3899(3) -1599(3) 1840(3) 61(1) N(5) 3834(4) -909(3) 1306(3) 94(1) 
N(6) 3981(4) -2307(3) 1332(3) 79(1) 0(14) 6501(3) 3013(3) 836(3) 99(1) 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































B(5) 64(1) 68(1) 29(1) 16(1) 3(1) -2(1) 0(1) 189(1) 74(1) 51(1) 14(1) 6(1) 4(1) 
0(2) 171(1) 83(1) 44(1) -26(1) -32(1) 4(1) 0(3) 158(1) 69(1) 40(1) -18(1) -24(1) 4(1) 
0(4) 122(1) 55(1) 46(1) -2(1) -13(1) 5(1) 0(5) 268(1) 100(1) 41(1) 25(1) -28(1) 1(1) 
0(6) 80(1) 67(1) 36(1) 4(1) -3(1) -3(1) 0(7) 301(1) 128(1) 58(1) 73(1) 40(1) 17(1) 
0(8) 245(1) 117(1) 62(1) -38(1) -71(1) 8(1) 0(9) 80(1) 64(1) 50(1) -2(1) 3(1) 9(1) 
O00) 82(1) 57(1) 50(1) 1(1) 4(1) -7(1) 0(11) 62(1) 69(1) 75(1) -1(1) 10(1) 2(1) 
C(1) 72(1) 69(1) 48(1) 4(1) 13(1) -11(1) N(1) 67(1) 89(1) 75(1) 8(1) 3(1) -9(1) 
N(2) 74(1) 98(1) 93(1) -28(1) 9(1) -21(1) 0(12) 76(1) 94(1) 49(1) ^4(1) -11(1) 0(1) 
C(2) 60(1) 80(1) 42(1) -3(1) 0(1) 4(1) N(3) 64(1) 79(1) 48(1) -7(1) -9(1) 6(1) 
N(4) 105(1) 80(1) 52(1) >4(1) -7(1) -8(1) 0(13) 70(1) 73(1) 58(1) -8(1) 7(1) 6(1) 
C(3) 45(1) 75(1) 60(1) -11(1) 7(1) 9(1) N(5) 116(1) 87(1) 69(1) -22(1) 5(1) 10(1) 
N(6) 96(1) 83(1) 63(1) -8(1) 28(1) -6(1) 0(14) 61(1) 166(1) 67(1) -18(1) 12(1) -15(1) 
C(4) 38(1) 119(1) 51(1) -7(1) 2(1) -6(1) N(7) 88(1) 143(1) 98(1) 6(1) 33(1) 19(1) 
N(8) 83(1) 149(1) 84(1) 1(1) 27(1) -6(1) 0(1W) 148(1) 492(1) 376(1) -111(1) 126(1) -259(1) 
N(9) 42(1) 105(1) 65(1) 7(1) 9(1) 15(1) C(5) 44(1) 124(1) 61(1) ^ (1) 16(1) 0(1) 
C(6) 66(1) 158(1) 68(1) -15(1) 5(1) -1(1) C(7) 80(1) 222(1) 73(1) 6(1) 1(1) -22(1) 
C(8) 63(1) 115(1) 115(1) 13(1) 49(1) 17(1) C(9) 74(1) 128(1) 140(1) 18(1) 51(1) 20(1) 
C(10) 215(1) 121(1) 349(1) 54(1) 197(1) 70(1) C(11) 47(1) 135(1) 62(1) 15(1) 11(1) 20(1) 
C(12) 64(1) 195(1) 62(1) 15(1) 8(1) 20(1) C(13) 88(1) 295(1) 64(1) 40(1) 12(1) 26(1) 
C(14) 44(1) 111(1) 60(1) 9(1) 9(1) 1(1) C(15) 104(1) 101(1) 107(1) -9(1) 44(1) 10(1) 
C(16) 144(1) 103(1) 110(1) -6(1) 40(1) 9(1) 
(«-C4H9)4N+[Bs06(0H)4�2(NH2)2C0B(0H)3(2.1.13) 
B(1) 32(1) 46(1) 38(1) -6(1) 6(1) ^(1) B(2) 46(1) 45(1) 56(1) 4(1) 21(1) 3(1) 
B(3) 40(1) 50(1) 46(1) -6(1) 14(1) -8(1) B(4) 46(1) 72(1) 45(1) 4(1) 14(1) -8(1) 
B(5) 40(1) 67(1) 43(1) -2(1) 12(1) -5(1) 0(1) 54(1) 39(1) 39(1) 2(1) 15(1) 4(1) 
0(2) 47(1) 37(1) 38(1) 4(1) 12(1) -7(1) 0(3) 29(1) 60(1) 46(1) -2(1) 14(1) -8(1) 
0(4) 29(1) 56(1) 39(1) -1(1) 6(1) -9(1) 0(5) 86(1) 41(1) 42(1) 1(1) 26(1) -1(1) 
0(6) 34(1) 137(1) 42(1) 1(1) 8(1) -6(1) 0(7) 115(1) 35(1) 64(1) 9(1) 28(1) -3(1) 
0(8) 90(1) 43(1) 47(1) 4(1) 27(1) -7(1) 0(9) 33(1) 152(1) 51(1) -8(1) 2(1) -9(1) 
0(10) 35(1) 137(1) 48(1) -2(1) 15(1) -19(1) 0(11) 92(1) 44(1) 69(1) -6(1) 39(1) ^(1) 
C(1) 70(1) 49(1) 54(1) 1(1) 24(1) 2(1) N(1) 141(1) 42(1) 67(1) -12(1) 58(1) -1(1) 
N(2) 123(1) 52(1) 60(1) -2(1) 44(1) 6(1) 0(12) 110(1) 40(1) 107(1) 12(1) 71(1) 7(1) 
C(2) 82(1) 48(1) 90(1) 1(1) 53(1) 10(1) N(3) 130(1) 45(1) 140(1) 14(1) 97(1) 15(1) 
N(4) 97(1) 43(1) 95(1) 9(1) 59(1) 9(1) B(6) 63(1) 50(1) 55(1) -8(1) 23(1) -10(1) 
0(13) 85(1) 40(1) 70(1) -5(1) 41(1) -7(1) 0(14) 114(1) 44(1) 94(1) -10(1) 71(1) >4(1) 
0(15) 91(1) 44(1) 69(1) 4(1) 47(1) 4(1) N(5) 67(1) 122(1) 85(1) 6(1) -11(1) 6(1) 
C(3) 80(1) 133(1) 99(1) 9(1) -15(1) 8(1) C(4) 116(1) 143(1) 116(1) -7(1) -22(1) 1(1) 
C(5) 146(1) 145(1) 163(1) 41(1) -38(1) -35(1) C(6) 166(1) 242(1) 142(1) 15(1) -7(1) ^5(1) 
C(7) 89(1) 121(1) 9 5 � 6(1) -6(1) 8(1) C(8) 106(1) 150(1) 119(1) -9(1) 11(1) 1(1) 
C(9) 122(1) 234(1) 110(1) -55(1) 38(1) 2 4 � C(10) 397(1) 121(1) 96(1) 44(1) -12(1) 16(1) 
C(11) 78(1) 118(1) 150(1) 30(1) -2(1) 2 2 � C(12) 96(1) 139(1) 185(1) 1K1) 1乂1) -口⑴ 
C(13) 138(1) 112(1) 286(1) 24(1) 21(1) 4(1) C(14) 180(1) 147(1) 418(1) 30(1) 49(1) - 3 2 � 
C(15) 69(1) 141(1) 91(1) 16(1) -13(1) 13(1) C(16) 103(1) 141(1) 113(1) -3(1) -7(1) 10(1) 
C(17) 143(1) 175(1) 146(1) 1(1) 17(1) 8(1) C(18) 110(1) 409(1) 157(1) -31(1) -1(1) 32(1) 
Atom X y z U Atom x y z U 
(CH3)4N^O(OH>2-20^H2)2COH20(2.1.10) 
H(lNA) 8538 -292 1987 80 H(lNB) 8725 903 2961 80 
H(2NA) 7719 10285 332 80 H(2NB) 7034 9078 -162 80 
H(3A) 6994 7500 3704 100 H(3B) 6909 8629 2679 100 
H ^ 4892 7500 2291 100 H(4B) 5613 8626 1806 100 
H^5A) 5893 5751 4401 100 H(5B) 5774 4647 3375 100 
H(5C) 5057 5787 3858 100 H(40) 5604 10329 ^98 80 
H^lV^A) 3896 7500 -1139 100 H(lWB) 3198 7500 -1665 100 
(C2Hs)4N^C03 B(0H>3 ^H20 (2.1.11) 
i l ( l ) 2773 4999 1330 100 H(2) 8474 5164 1253 100 
H(12) 6557 5138 2 80 H(5) 13516 4918 2833 100 
211 
Appendix 
H(6) 8359 5055 2802 100 H(lWA) 10246 5228 4431 200 
H(lWB) 10590 5213 5553 200 H(2A) 6219 3883 5112 80 
H(2B) 4194 3938 4561 80 H(3A) 6444 3693 3567 100 
H(3B) 7125 2735 4087 100 H(3C) 5078 2790 3530 100 
H(4A) 2723 1565 5143 80 H(4B) 3769 1728 4306 80 
H(5B) 562 2121 3932 100 H(5C) 761 2889 4720 100 
H(5D) 1820 3054 3872 100 H(6B) 2599 3530 5805 80 
H(6C) 4599 3658 6367 80 H(7A) 2553 2858 7239 100 
H(7B) 2209 2034 6505 100 H(7C) 4230 2163 7072 100 
H(8A) 6791 1794 5193 80 H(8B) 5730 1498 5997 80 
H(9A) 8770 2068 6539 100 H(9B) 8307 3065 6043 100 
H(9C) 7234 2765 6855 100 
(”-C3H7)4N+�Bs06(0H)4�4aVH2)2C0H20(2.1.12) 
H(7A) 3679 5738 -1115 80 H(8A) -1832 5810 -986 80 
H(9A) 2870 3722 3788 80 H(lOA) 4074 7508 3698 80 
H(lA) -1189 3569 1556 80 H(lB) 415 4068 2064 80 
H(2A) -1191 2140 1627 80 H(2B) 439 1679 2181 80 
H(3A) 4615 30 4551 80 H(3B) 3858 -493 3559 80 
H(4A) 4268 1437 4518 80 H(4B) 3283 1885 3512 80 
H(5A) 3822 -928 630 80 H(5B) 3789 -415 1617 80 
H(6A) 3967 -2300 656 80 H(6B) 4038 -2796 1671 80 
H(7B) 4029 2201 1843 80 H(7C) 5320 1768 1352 80 
H(8B) 3828 3567 1865 80 H(8C) 4950 4149 1400 80 
H(lWA) 7447 5399 532 50 H(lWB) 5899 5371 475 50 
H(5C) 510 7837 2427 80 H(5D) 472 8802 2363 80 
H(6A) -2284 8746 1395 100 H(6B) -2208 7774 1438 100 
H(7D) -1683 8213 -138 120 H(7E) -189 8741 501 120 
H(7F) -112 7765 544 120 H(8D) -2756 7621 2972 80 
H(8E) -2074 7656 4165 80 H(9B) 99 6722 4075 100 
H(9C) -572 6691 2875 100 H(lOB) -1450 5550 3661 120 
H(lOC) -2277 6144 4317 120 H(lOD) -2952 6113 3109 120 
H( l lA) 1499 8897 4152 80 H( l lB) 1557 7931 4205 80 
H(12A) 159 7944 5506 100 H(12B) 157 8917 5465 100 
H(13A) 2419 8497 6809 120 H(13B) 3040 7981 5983 120 
H(13C) 3038 8958 5942 120 H(14A) -2008 9158 4120 80 
H(14B) -2763 9098 2937 80 H(15A) -805 9963 2641 100 
H(15B) 69 10010 3817 100 H(16A) -1601 11199 3332 120 
H(16B) -3140 10615 2939 120 H(16C) -2259 10663 4125 120 
(w-C4H9)4N+[BsO6(OH)4].20VH2)2COB(OHM2.1.13) 
H(7A) 2600 -1261 2164 80 H(8A) 2664 2169 1616 80 
H(9A) -600 -57 -578 50 H(lOA) 4934 -143 -762 80 
H(lA) 3256 6137 1061 80 H(lB) 2627 5724 1676 80 
H(2A) 3819 5460 80 80 H(2B) 3585 4573 9 80 
H(3A) 3981 -1255 947 80 H(3B) 4782 -1724 469 80 
H(4A) 2934 -1825 1752 80 H(4B) 2961 -2720 1871 80 
H(13A) 2837 3415 889 80 H(14A) 3488 1728 391 80 
H(15A) 4548 3188 -353 80 H(3C) 645 2616 7012 80 
H(3D) -224 2359 7560 80 H(4C) 945 1341 7979 80 
H(4D) 1890 1615 7492 80 H(5A) 706 1345 6403 100 
H(5B) -271 1101 6875 100 H(6A) 573 15 6453 120 
H(6B) 1785 278 6860 120 H(6C) 794 31 7338 120 
H(7B) 1434 2952 9240 80 H(7C) 1462 2127 8909 80 
H(8B) -521 2078 8741 80 H(8C) -585 2925 9023 80 
H(9B) 236 2569 10203 100 H(9C) 358 1726 9927 100 
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H(lOD) -1592 1595 9770 120 H(llB) -272 3611 8011 80 
H(llC) 643 3902 7512 80 H(12B) 1731 4428 8572 80 
H(12C) 812 4137 9071 80 H(13B) -509 4937 8432 100 
H(13C) 427 5236 7954 100 H(14A) 91 6089 8838 120 
H(14B) 421 5478 9478 120 H(14C) 1371 5781 8993 120 
H(15A) 2810 2533 8117 80 H(15B) 2770 3365 8433 80 
H(16A) 2517 3880 7245 80 H(16B) 2345 3065 6881 80 
H(17A) 4470 3496 7718 100 H(17B) 4258 3672 6857 100 
H(18A) 5173 2477 7062 120 H(18B) 4150 2173 7485 120 
H(18C) 3936 2350 ^ m 
Table A-l.S Atomic coordinates (x 10 )^ and thermal parameters* {R x 10 )^ of 2 .1 .14-2.1.15 
Atom X y z "eq Atom x y z "eq 
(CH3)3N (^CH2)2OHNH2CONHCO2a^H2)2CO(2.l.i4)" 
0(1) 586(3) 3299(2) 4 56(1) C(1) 1900(3) 2866(3) 8(3) 52(1) 
N(1) 2648(3) 2646(3) -913(3) 66(1) N(2) 2638(3) 2612(3) 905(3) 66(1) 
0(2) 622(4) 3354(3) 2684(3) 88(1) C(2) 258(4) 4301(3) 2713(3) 68(1) 
N(3) 171(3) 4829(3) 3617(3) 66(1) N(4) 73(4) 4834(3) 1758(3) 65(1) 
C(3) -270(4) 5915(3) 1587(3) 67(1) 0(3) -381(4) 6184(3) 658(3) 93(1) 
0(4) 442(4) 6509(3) 2365(3) 82(1) N(5) 5002(3) 4244(3) 4461(3) 74(1) 
C(4) 4409(4) 5350(3) 4652(4) 166(1) C(5) 4717(4) 3986(4) 3256(4) 146(1) 
C(6) 6737(4) 4444(4) 4487(4) 178(1) C(7) 4228(4) 3441(4) 5186(4) 106(1) 
C(8) 4054(4) 3724(4) 6326(4) 92(1) 0(5) 5283(4) 3610(3) 6973(3) 125(1) 
C(5,) 3629(4) 3438(4) 4357(4) 136(1) C(6') 6030(4) 4217(4) 3435(4) 121(1) 
C(7,) 6353(4) 3834(4) 5150(4) 124(1) C(8') 6318(4) 3967(4) 6265(4) 96(1) 
NH2CONHCOOC2H5(2.l.i5) 
0(1) 5116(2) 0 7571(3) 75(1) N(1) 3640(3) 0 7922(3) 72(1) 
C(1) 4168(3) 0 6794(3) 63(1) N(2) 3616(2) 0 4628(3) 64(1) 
C(2) 2578(3) 0 3511(4) 68(1) 0(2) 1950(2) 0 4235(3) 91(1) 
0(3) 2330(2) 0 1469(3) 67(1) C(3) 1233(3) 0 100(4) 73(1) 
C(4) 1038(3) 0 -2056(4) 84(1) 
Atom Uu U22 U33 U12 "13 "23 Atom t /„ U22 "33 "12 "13 "23 
(CH3)3N (^CH2)2OHNH2CONHCO2a^H2)2CO(2.l.i4) 
0(1) 52(1) 57(1) 58(1) 10(1) -2(1) 2(1) C(1) 51(1) 43(1) 63(1) -2(1) 6(1) -8(1) 
N(1) 68(1) 77(1) 54(1) 20(1) 6(1) -3(1) N(2) 67(1) 78(1) 53(1) 18(1) -13(1) 8(1) 
0(2) 163(1) 42(1) 58(1) 6(1) 20(1) 6(1) C(2) 89(1) 50(1) 66(1) -9(1) 15(1) 22(1) 
N(3) 95(1) 59(1) 44(1) 19(1) 8(1) -8(1) N(4) 107(1) 42(1) 46(1) 4(1) 1(1) -6(1) 
C(3) 115(1) 43(1) 44(1) 3(1) 3(1) >4(1) 0(3) 165(1) 63(1) 50(1) 26(1) 8(1) -2(1) 
0(4) 131(1) 56(1) 59(1) 24(1) 10(1) 7(1) N(5) 81(1) 51(1) 90(1) -7(1) 0(1) -11(1) 
C(4) 166(1) 52(1) 281(1) 32(1) -9(1) -17(1) 
NH2CONHCOOC2H5(2.l.i5) 
0(1) 54(1) 137(1) 34(1) 0 19(1) 0 N(1) 63(1) 118(1) 39(1) 0 27(1) 0 
C(1) 59(1) 96(1) 36(1) 0 24(1) 0 N(2) 50(1) 111(1) 35(1) 0 22(1) 0 
C(2) 60(1) 104(1) 42(1) 0 25(1) 0 0(2) 57(1) 166(1) 56(1) 0 30(1) 0 
0(3) 55(1) 107(1) 36(1) 0 18(1) 0 C(3) 54(1) 98(1) 63(1) 0 23(1) 0 
C(4) 63(1) 127(1) 57(1) 0 21(1) 0 
a s.0.f. for C(5)-C(8') are 0.5. 
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Atom X y z U Atom x y z U 
(CH3)3N*(CH2)2OHNH2CONHCO2OVH2)2CO(2.l.i4) 
H(lA) 3605 2348 -890 80 H(lB) 2208 2804 -1543 80 
H(2A) 3596 2315 885 80 H(2B) 2172 2736 1534 80 
H(3A) -35 5530 3610 80 H(3B) 306 4489 4240 80 
H(4A) 173 4435 1169 80 H(4B) 3573 5468 4157 80 
H(4C) 4008 5389 5364 80 H(4D) 5199 5884 4556 80 
NH2CONHCOOC2H5 (2.1.15) 
H(lA) 2949 0 7258 80 H(lB) 3962 0 9330 80 
H(2A) 3979 0 3869 80 H(3A) 923 1128 370 80 
H(3B) 923 -1128 370 80 H(4A) 1356 1133 -2295 80 
H(4B) 1356 -1133 -2295 ^ H(4C) 319 0 -2995 80 
Table A-1,6 Atomic coordinates (x 10’ and thermal parameters* {R x 10 )^ of 2.1.16—2.1.17 
Atom X y z "eq Atom x y z "eq 
(C2Hs)4N+C1.2^2)2CO (2.1.16) 
0(1) 7046(2) 7956(2) 4614(2) 74(1) C(1) 7648(4) 8018(2) 3597(3) 57(1) 
N(1) 7037(3) 8039(2) 2432(3) 67(1) N(2) 8923(3) 8076(2) 3596(3) 69(1) 
0(2) 4299(2) 7525(2) 2486(2) 65(1) C(2) 3752(3) 7371(2) 3520(3) 53(1) 
N(3) 2523(3) 7116(2) 3535(3) 67(1) N(4) 4368(3) 7441(2) 4658(3) 76(1) 
C1(1) 598(1) 7694(1) 1030(1) 81(1) N(5) 7517(3) 5148(2) 2533(3) 60(1) 
C(3) 7302(4) 4693(3) 3814(3) 78(2) C(4) 7086(5) 5292(3) 4951(4) 120(2) 
C(5) 6346(4) 5703(2) 2149(4) 76(2) C(6) 5114(4) 5202(3) 1990(5) 105(2) 
C(7) 7748(4) 4416(2) 1567(3) 69(2) C(8) 8025(4) 4715(3) 216(4) 95(2) 
C(9) 8627(4) 5780(3) 2607(4) 79(2) C(10) 9890(4) 5355(3) 2963(4) 97(2) (C2Hs)4P^Ci 2(NH2)2CO (2.1.17)" 
0(1) 0 -232(3) 2672(3) 100(1) C(1) 0 865(3) 2113(3) 103(1) 
N(1) 1469(3) 1463(3) 1745(3) 88(1) 0(2) 5000 162(3) 2347(3) 82(1) 
C(2) 5000 -858(4) 3002(3) 55(1) N(2) 6584(3) -1439(3) 3342(3) 85(1) 
C1(1) 0 3956(2) 21(3) 72(1) P(1) 0 3827(3) 5000 99(1) 
C(3) 1941(4) 2838(3) 5463(3) 118(1) C(4) 2438(4) 1643(3) 4738(3) 231(1) 
C(5) 0 4485(3) 3649(4) 190(1) C(6) 0 6107(3) 3557(4) 182(1) 
C(7) 0 5439(4) 5876(3) 333(1) C(8) -661(4) 5258(4) 6978(3) 129(1) 
C(5') 0 5596(4) 4292(3) 53(1) C(6') 0 5351(4) 3130(3) 40(1) 
C(7) 0 4254(3) 6414(4) 310(1) C(8') 0 5800(3) 6783(4) 67(1) 
Atom Uu U22 U33 Uu Uu U23 Atom Uu "22 "33 "12 "13 "23 
(C2Hs)4N+Cr.2^2)2CO (2.1.16) 
0(1) 63(2) 110(2) 51(2) -8(1) 14(1) -12(1) C(1) 66(3) 52(2) 52(2) 1(2) 7(2) 4(2) 
N(1) 68(2) 80(2) 53(2) 3(2) 9(2) 6(2) N(2) 54(2) 94(2) 60(2) 4(2) 11(1) 2(2) 
0(2) 59(1) 99(2) 39(1) 1(1) 9(1) -1(1) C(2) 59(2) 54(2) 48(2) 7(2) 8(2) -1(2) 
N(3) 61(2) 84(2) 56(2) -10(2) 7(2) 3(1) N(4) 64(2) 126(3) 38(2) -7(2) 7(1) 5(2) 
C1(1) 70(1) 118(1) 56(1) -20(1) 7(1) -10(1) N(5) 71(2) 44(2) 67(2) 1(2) 17(2) 2(2) 
C(3) 89(3) 71(3) 76(3) 11(2) 23(2) 19(2) C(4) 147(5) 138(5) 78(3) 41(4) 36(3) 12(3) 
C(5) 90(3) 62(3) 77(3) 16(2) 16(2) 7(2) C(6) 77(4) 112(4) 125(4) 16(3) 6(3) 4(3) 
C(7) 74(3) 52(2) 80(3) 1(2) 17(2) -14(2) C(8) 97(4) 111(4) 76(3) 11(3) 15(3) -25(3) 
C(9) 88(3) 57(2) 92(3) -15(2) 13(2) -6(2) C(10) 88(4) 98(3) 105(4) -26(3) 5(3) -10(3) (C2Hs)4P^Cr-2(NH2)2CO(2.1.17) 
0(1) 35(1) 117(1) 148(1) 0 0 67(1) C(1) 73(1) 54(1) 182(1) 0 0 -13(1) 
N(1) 40(1) 112(1) 113(1) 12(1) -22(1) 37(1) 0(2) 60(1) 99(1) 88(1) 0 0 31(1) 
C(2) 29(1) 100(1) 36(1) 0 0 23(1) N(2) 60(1) 71(1) 123(1) 13(1) -27(1) 32(1) 
214 
Appendix 
C1(1) 67(1) 60(1) 90(1) 0 0 -2(1) P(1) 96(1) 101(1) 100(1) 0 0 -2(1) 
C(3) 86(1) 125(1) 143(1) -1(1) 15(1) -19(1) C(4) 234(1) 154(1) 306(1) 83(1) 39(1) -20(1) 
C(5) 356(1) 91(1) 124(1) 0 0 -25(1) C(6) 186(1) 189(1) 170(1) 0 0 -13(1) 
C(7) 368(1) 328(1) 302(1) 0 0 -70(1) C(8) 58(1) 165(1) 165(1) 69(1) 93(1) 110(1) 
C(5') 62(1) 30(1) 68(1) 0 0 7(1) C(6') 36(1) 33(1) 50(1) 0 0 26(1) 
C(T) 346(1) 294(1) 288(1) 0 0 -5(1) C(8') 94(1) 23(1) 82(1) 0 0 42(1) 
a s.o.f. for C(5) to C(8) are 0.308; for C(5') to C(8') are 0.192. 
Atom X y z U Atom x y z U 
(C2Hs)4N+a 2OVH2)2CO (2.1.16) 
H(lA) 7476 8091 1696 80 H(lB) 6181 7997 2400 80 
H(2A) 9354 8127 2854 80 H(2B) 9347 8068 4360 80 
H(3A) 2139 6997 4287 80 H(3B) 2085 7065 2782 80 
H(4A) 3968 7319 5401 80 H(4B) 5191 7610 4677 80 
H(3C) 8037 4332 4011 80 H(3D) 6583 4299 3729 80 
H(4C) 6969 4954 5729 80 H(4D) 7811 5679 5060 80 
H(4E) 6339 5645 4775 80 H(5A) 6518 5986 1336 80 
H(5B) 6233 6167 2778 80 H(6A) 4439 5602 1736 80 
H(6B) 5205 4747 1344 80 H(6C) 4916 4930 2803 80 
H(7A) 7000 4047 1519 80 H(7B) 8442 4053 1879 80 
H(8A) 8156 4216 -349 80 H(8B) 7325 5069 -108 80 
H(8C) 8782 5075 255 80 H(9A) 8449 6237 3230 80 
H(9B) 8708 6064 1780 80 H(lOA) 10553 5798 2986 80 
H(lOB) 9825 5082 3800 80 H(lOC) 10087 4907 2333 80 
(C2Hs)4P+Ci.2^2)2CO(2.1.17) 
H(lA) 2565 1160 1946 80 H(lB) 1360 2206 1291 80 
H(2A) 7596 -1019 3104 80 H(2B) 6650 -2184 3798 80 
H(3A) 1656 2418 6132 100 H(3B) 2943 3477 5570 100 
H(4A) 3447 1159 5051 120 H(4B) 1477 961 4641 120 
H(4C) 2785 2037 4071 120 
Table A-2»1 Atomic coordinates (x 10^) and thermal parameters* (龙 x 10^) of 2 . 2 . 1 
Atom X y z "eq Atom x y z C4q 
(w-C4H9)4N+C1.2(NH2)2CS (2.2.1) 
S(1) 4626(2) 6349 5308(1) 73(1) C(1) 5861(5) 6337(8) 4552(3) 53(1) 
N(1) 6213(6) 7620(7) 4176(3) 69(2) N(2) 6511(6) 5097(6) 4308(3) 65(1) 
S(2) 148(2) 6347(3) 9632(1) 79(1) C(2) -590(5) 6311(9) 10549(3) 57(1) 
N(3) -914(6) 5055(7) 10922(3) 66(2) N(4) -867(7) 7606(8) 10941(3) 72(2) 
N(5) 3412(5) 4046(6) 2268(3) 59(1) C(3) 1949(7) 3356(8) 2608(4) 69(2) 
C(4) 1796(8) 3384(10) 3480(5) 84(2) C(5) 299(7) 2704(12) 3714(5) 99(2) 
C(6) 71(9) 2678(16) 4593(5) 143(5) C(7) 4826(6) 3230(7) 2615(3) 62(2) 
C(8) 4932(7) 1586(10) 2421(4) 89(2) C(9) 6494(8) 903(11) 2634(4) 100(3) 
C(10) 7626(8) 1168(17) 2067(5) 140(4) C(11) 3567(7) 5679(7) 2544(4) 69(2) 
C(12) 2275(8) 6723(9) 2257(5) 93(2) C(13) 2406(11) 8249(11) 2625(6) 113(3) 
C(14) 1913(14) 8356(13) 3452(6) 141(4) C(15) 3285(7) 3914(10) 1368(3) 79(2) 
C(16) 4686(7) 4368(12) 938(4) 90(2) C(17) 4423(10) 4178(15) 51(4) 118(3) 
C(18) 5740(12) 4102(17) 448(5) 149(4) C1(1) 2045(2) 1146(3) 7373(1) 87(1) 




S(1) 101(1) 51(1) 69(1) 0(1) 39(1) 0(1) C(1) 62(3) 51(3) 47(2) -3(4) 7(2) -2(4) 
N(1) 83(4) 54(3) 70(3) 6(3) 33(3) -2(3) N(2) 78(3) 49(3) 67(3) -2(3) 21(3) -1(3) 
S(2) 115(1) 56(1) 70(1) 1(1) 34(1) 3(1) C(2) 55(3) 57(3) 61(3) 2(4) 6(2) 4(4) 
N(3) 86(4) 50(3) 64(3) 2(3) 16(3) 3(3) N(4) 87(4) 61(4) 70(4) 1(3) 22(3) 13(3) 
N(5) 51(2) 57(3) 68(3) 0(2) 3(2) -6(2) C(3) 54(3) 56(4) 97(4) 4(3) -1(3) -15(3) 
C(4) 61(4) 92(5) 100(5) -2(4) 12(3) -3(4) C(5) 70(4) 117(7) 112(6) 17(5) 20(4) 2(5) 
C(6) 82(5) 205(12) 143(8) 77(8) 35(5) 7(7) C(7) 48(3) 71(4) 68(3) -2(3) -1(2) -2(3) 
C(8) 76(4) 83(5) 107(5) -14(4) 5(3) 13(4) C(9) 102(5) 118(7) 80(4) -12(5) 12(4) 41(5) 
C(10) 108(6) 197(12) 116(6) ^5(9) 6(5) 48(9) C(11) 63(4) 62(4) 82(4) 4(3) 8(3) -17(3) 
C(12) 79(4) 77(6) 123(6) 4(4) 19(4) -1(4) C(13) 100(6) 69(6) 169(10) -14(6) 3(6) -15(5) 
C(14) 150(9) 113(8) 159(10) -37(8) -7(8) -16(7) C(15) 69(4) 96(5) 72(4) 4(4) -13(3) ^(4) 
C(16) 73(4) 135(7) 63(4) 14(4) -3(3) 4(5) C(17) 109(6) 169(9) 74(4) 16(6) -5(4) 37(7) 
C(18) 179(10) 185(12) 81(6) 17(7) -16(6) 41(10) C1(1) 90(1) 103(2) 71(1) 12(1) 37(1) 26(1) 
Atom X y z U Atom x y z U 
(w-C4H9)4N+cr.2ora2)2CS (2.2.1) 
H(lA) 5764(6) 8484(7) 4325(3) 80 H(lB) 6877(6) 7626(7) 3778(3) 80 
H(2A) 6279(6) 4214(6) 4541(3) 80 H(2B) 7173(6) 5118(6) 3909(3) 80 
H(3A) -748(6) 4155(7) 10691(3) 80 H(3B) -1308(6) 5096(7) 11410(3) 80 
H(4A) -647(7) 8496(8) 10713(3) 80 H(4B) -1263(7) 7584(8) 11430(3) 80 
H(3C) 1872(7) 2331(8) 2424(4) 80 H(3D) 1096(7) 3904(8) 2377(4) 80 
H(4C) 1850(8) 4401(10) 3678(5) 80 H(4D) 2617(8) 2811(10) 3725(5) 80 
H(5A) 262(7) 1685(12) 3518(5) 90 H(5B) -510(7) 3264(12) 3450(5) 90 
H(6A) -897(9) 2232(16) 4707(5) 100 H(6B) 877(9) 2108(16) 4853(5) 100 
H(6C) 99(9) 3699(16) 4785(5) 100 H(7A) 4880(6) 3343(7) 3186(3) 80 
H(7B) 5713(6) 3709(7) 2408(3) 80 H(8A) 4699(7) 1449(10) 1861(4) 80 
H(8B) 4166(7) 1066(10) 2712(4) 80 H(9A) 6361(8) -166(11) 2697(4) 80 
H(9B) 6859(8) 1302(11) 3138(4) 80 H(lOA) 8566(8) 693(17) 2240(5) 80 
H(lOB) 7284(8) 750(17) 1563(5) 80 H(lOC) 7788(8) 2234(17) 2009(5) 80 
H(llA) 4512(7) 6074(7) 2359(4) 80 H(llB) 3616(7) 5699(7) 3118(4) 80 
H(12A) 1321(8) 6259(9) 2380(5) 80 H(12B) 2311(8) 6820(9) 1688(5) 80 
H(13A) 1756(11) 8919(11) 2317(6) 80 H(13B) 3435(11) 8613(11) 2591(6) 80 
H(14A) 2004(14) 9376(13) 3641(6) 80 H(14B) 875(14) 8023(13) 3492(6) 80 
H(14C) 2575(14) 7713(13) 3770(6) 80 H(15A) 2462(7) 4547(10) 1174(3) 80 
H(15B) 3037(7) 2890(10) 1228(3) 80 H(16A) 5527(7) 3747(12) 1120(4) 80 
H(16B) 4931(7) 5406(12) 1046(4) 80 H(17A) 3772(10) 4975(15) -148(4) 90 
H(17B) 3888(10) 3240(15) -24(4) 90 H(18A) 5487(12) 3947(17) -1004(5) 100 
H(18B) 6268(12) 5045(17) -380(5) | ^ H(18C) 6385(12) 3295(17) -255(5) 100 
Table A-2.2 Atomic coordinates (x 10 )^ and thermal parameters* {R x 10 )^ of 2.2.2~2.2.4 
Atom X y z U^ Atom x y z U^ 
(C2Hs)4N^C03 -OVH2)2CS.H jO (2.2.2) 
S(1) 1812(2) 4389(1) 2754(1) 74(1) C(1) 1835(5) 4567(3) 2071(2) 56(2) 
N(1) 3090(5) 4489(3) 1796(2) 78(2) N(2) 590(5) 4778(3) 1812(2) 65(1) 
C(2) 1808(8) 4742(3) 416(2) 67(2) 0(1) 575(4) 4969(3) 635(1) 77(1) 
0(2) 2957(5) 4564(3) 672(1) 108(2) 0(3) 1873(5) 4691(3) -111(1) 85(1) 
N(3) 5687(5) 7122(2) 1235(1) 62(1) C(3) 7085(8) 6518(4) 1198(2) 99(3) 
C(4) 8569(8) 7007(7) 1285(3) 135(4) C(5) 5792(8) 7893(4) 850(2) 88(2) 
C(6) 5920(9) 7641(5) 266(3) 123(3) C(7) 5578(8) 7515(4) 1796(2) 97(2) 
C(8) 5441(11) 6834(5) 2249(2) 132(3) C(9) 4320(9) 6543(4) 1117(3) 111(3) 
C(10) 2798(8) 7023(6) 1155(3) 146(4) 0(1W) 4078(6) 5957(3) -514(3) 179(3) 
(w-C3H7>4N^C03 -2G^H2)2CS (2.2.3) 
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C(14) 155(1) 92(1) 91(1) 22(1) -21(1) -10(1) C(15) 130(1) 90(1) 126(1) 15(1) -1(1) 5(1) 
(w-C4H9>4N^C03 -3CVH2)2CS (2.2.4) 
S(1) 72(1) 51(1) 63(1) 16(1) 27(1) 2(1) C(1) 49(1) 51(1) 59(1) 23(1) 12(1) 7(1) 
N(1) 67(1) 64(1) 60(1) 11(1) 15(1) -2(1) N(2) 69(1) 73(1) 59(1) 10(1) 22(1) 3(1) 
S(2) 52(1) 54(1) 65(1) 16(1) 12(1) 7(1) C(2) 50(1) 49(1) 56(1) 16(1) 21(1) 3(1) 
N(3) 57(1) 51(1) 64(1) 18(1) 9(1) 3(1) N(4) 64(1) 49(1) 81(1) 18(1) 2(1) 6(1) 
S(3) 72(1) 51(1) 93(1) 17(1) 42(1) 0(1) C(3) 52(1) 49(1) 59(1) 18(1) 16(1) 8(1) 
N(5) 76(1) 53(1) 103(1) 13(1) 49(1) 2(1) N(6) 69(1) 48(1) 96(1) 22(1) 40(1) 6(1) 
C(4) 60(1) 63(1) 56(1) 30(1) 15(1) 11(1) 0(1) 76(1) 96(1) 78(1) 53(1) 0(1) -17(1) 
0(2) 81(1) 82(1) 78(1) 40(1) 0(1) -14(1) 0(3) 62(1) 80(1) 83(1) 37(1) 16(1) -5(1) 
N(7) 51(1) 47(1) 54(1) 23(1) 17(1) 8(1) C(5) 50(1) 65(1) 65(1) 26(1) 12(1) 2(1) 
C(6) 61(1) 63(1) 73(1) 23(1) 15(1) -2(1) C(7) 67(1) 115(1) 92(1) 40(1) -3(1) -34(1) 
C(8) 82(1) 95(1) 75(1) 21(1) 4(1) -15(1) C(9) 57(1) 49(1) 61(1) 25(1) 17(1) 13(1) 
C(10) 61(1) 65(1) 67(1) 23(1) 9(1) 11(1) C(11) 73(1) 87(1) 71(1) 44(1) 11(1) 16(1) 
C(12) 89(1) 139(1) 111(1) 55(1) -7(1) 20(1) C(13) 64(1) 56(1) 62(1) 26(1) 27(1) 11(1) 
C(14) 85(1) 67(1) 60(1) 37(1) 24(1) 14(1) C(15) 127(1) 87(1) 83(1) 54(1) 55(1) 41(1) 
C(16) 123(1) 81(1) 163(1) 31(1) 79(1) 36(1) C(17) 67(1) 55(1) 62(1) 33(1) 21(1) 5(1) 
C(18) 78(1) 82(1) 72(1) 23(1) 31(1) -6(1) C(19) 122(1) 96(1) 82(1) 52(1) 46(1) -2(1) 
C(20) 156(1) 105(1) 132(1) -20(1) 78(1) ^8(1) 
Atom X y z U Atom x y z U 
(C2Hs)4N^C03 -OVH2)2CS H 2O (2.2.2) 
H(lA) 3961 4348 1963 80 H(lB) 3081 4583 1439 80 
H(2A) -290 4837 1991 80 H(2B) 622 4868 1454 80 
H(30) 1022(63) 4808(34) -263(22) 80 H(3A) 7087 6232 852 80 
H(3B) 7006 6057 1466 80 H(4A) 9391 6589 1256 120 
H(4B) 8671 7460 1013 120 H(4C) 8589 7283 1634 120 
H(5A) 6664 8242 945 80 H(5B) 4917 8266 896 80 
H(6A) 5988 8171 49 120 H(6B) 6807 7281 213 120 
H(6C) 5039 7305 164 120 H(7A) 4714 7904 1814 80 
H(7B) 6461 7873 1862 80 H(8A) 5380 7127 2593 120 
H(8B) 4546 6482 2193 120 H(8C) 6313 6451 2242 120 
H(9A) 4305 6047 1363 80 H(9B) 4413 6305 760 80 
H(lOA) 1970 6628 1075 120 H(lOB) 2688 7251 1514 120 
H(lOC) 2798 7512 904 120 H(lWA) 3433 5586 -392 80 
H(lWB) 4993 5800 -558 80 
(w-C3H7)4N^C03 -2GVH2)2CS (2.2.3) 
H(lNA) 2901 5884 1347 100 H(lNB) 1964 5136 1482 100 
H(2NA) -1536 5799 1211 100 H(2NB) -664 5080 1407 100 
H(3NA) 2885 2264 1153 100 H(3NB) 1906 2988 1303 100 
H(4NA) -1584 2252 1156 100 H(4NB) ^22 2977 1312 100 
H(10) 0 4588 2500 200 H(20) 0 3330 2500 200 
H(4A) 6397 2786 1991 80 H(4B) 6701 3398 2342 80 
H(5A) 4550 4111 2146 120 H(5B) 4199 3487 1800 120 
H(6A) 5534 4556 1503 150 H(6B) 6899 4412 1822 150 
H(6C) 6547 3785 1474 150 H(7A) 5591 1826 2940 120 
H(7B) 6894 2456 2880 120 H(8A) 7720 1810 2290 150 
H(8B) 6380 1188 2338 150 H(9A) 8711 657 2607 180 
H(9B) 8785 1385 2909 180 H(9C) 7440 760 2957 180 
H(lOA) 5594 -1094 -193 120 H(lOB) 4197 -595 -362 120 
H(llA) 2968 -661 279 150 H(llB) 4398 -1115 465 150 
H(12A) 2431 -2013 305 180 H(12B) 2473 -1720 -159 180 
H(12C) 3911 -2177 28 180 H(13A) 6254 -289 625 120 
H(13B) 7491 267 428 120 H(14A) 8544 -835 72 150 
H(14B) 7354 -1383 301 150 H(15A) 9745 -1403 641 180 
H(15B) 9641 "485 697 180 H(15C) 8444 -1037 927 180 
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(n-C4H9)4N^C03 -3O^H2)2CS (2.2.4) 
H(lNA) 9537 13652 4173 80 H(lNB) 8840 13340 5065 80 
H(2NA) 6029 10883 4056 80 H(2NB) 6799 11726 4997 80 
H(3NA) -1348 4023 2270 80 H(3NB) -2001 4928 1770 80 
H(4NA) 831 7312 2903 80 H(4NB) -739 6833 2139 80 
H(5NA) 6396 9613 2524 80 H(5NB) 6347 8429 2096 80 
H(6NA) 3265 6717 2704 80 H(6NB) 4566 6766 2197 80 
H(30) 4339 5449 124 100 H(5A) 4858 7069 6836 80 
H(5B) 4712 6376 7732 80 H(6A) 5414 5000 7094 80 
H(6B) 5746 5726 6232 80 H(7A) 3251 5374 5612 100 
H(7B) 2833 4859 6539 100 H(8A) 2039 3422 5310 100 
H(8B) 3734 3779 5206 100 H(8C) 3311 3257 6145 100 
H(9A) 7739 6007 8015 80 H(9B) 7004 6240 8822 80 
H(lOA) 9207 7824 9483 80 H(lOB) 9942 7627 8659 80 
H(llA) 9844 5797 9205 90 H(llB) 9214 6062 10059 90 
H(12A) 11875 6433 10566 120 H(12B) 12155 7312 9780 120 
H(12C) 11521 7578 10641 120 H(13A) 8070 7197 6754 80 
H(13B) 8903 8350 7413 80 H(14A) 6888 8983 6558 80 
H(14B) 6488 7937 5803 80 H(15A) 8106 9477 5233 100 
H(15B) 9082 8735 5652 100 H(16A) 10462 10688 6116 150 
H(16B) 9179 10770 6599 150 H(16C) 10165 10019 7023 150 
H(17A) 6353 8775 7934 80 H(17B) 7912 8885 8627 80 
H(18A) 6562 7588 9595 90 H(18B) 5023 7563 8920 90 
H(19A) 5429 8879 10153 120 H(19B) 5916 9630 9333 120 
H(20A) 7735 10417 10738 150 H(20B) 7958 9216 10826 150 
H(20C) 8450 99^A 9 ^ | ^ 
Table A-2.3 Atomic coordinates (x 10 )^ and thermal parameters*�R x 10 )^ of 2.2.5^2.2.9 
Atom X y z "eq Atom x y z "eq 
(C2H5)4N^O3 3O^H2)2CS (2.2.5) 
S(1) 5987(1) 4470(1) 1363(1) 71(1) C(1) 7001(2) 4761(2) 1995(1) 45(1) 
N(1) 8320(2) 4263(1) 2129(1) 54(1) N(2) 6501(2) 5501(1) 2387(1) 53(1) 
S(2) 3219(1) 6977(1) 1984(1) 50(1) C(2) 2763(2) 7191(2) 911(2) 42(1) 
N(3) 3312(2) 6523(1) 462(1) 56(1) N(4) 1849(2) 8027(1) 511(1) 55(1) 
S(3) 391(1) 9722(1) 1705(1) 65(1) C(3) 1704(2) 9867(2) 2207(2) 48(1) 
N(5) 1509(2) 10618(2) 2582(1) 61(1) N(6) 2960(2) 9258(2) 2240(1) 61(1) 
S(4) -775(1) 5362(1) 3614(1) 49(1) C(4) 337(2) 5863(2) 2970(1) 41(1) 
N(7) 1473(2) 5304(1) 2697(1) 52(1) N(8) 94(2) 6841(1) 2729(1) 52(1) 
S(5) 1942(1) 2806(1) 3164(1) 50(1) C(5) 2332(2) 2629(2) 4241(1) 38(1) 
N(9) 1771(2) 3320(1) 4669(1) 49(1) N(10) 3210(2) 1791(1) 4683(1) 50(1) 
S(6) 4700(1) -17(1) 3600(1) 43(1) C(6) 5687(2) 592(2) 2928(1) 39(1) 
N(11) 6881(2) 103(1) 2674(1) 54(1) N(12) 5276(2) 1578(1) 2651(1) 49(1) 
N(13) 2486(2) 7472(1) 5066(1) 43(1) C(7) 962(2) 7747(2) 5155(2) 71(1) 
C(8) 155(3) 8407(2) 4318(2) 94(1) C(9) 3110(2) 6859(2) 5962(2) 63(1) 
C(10) 4640(3) 6507(2) 6016(2) 88(1) C(11) 2950(2) 8383(2) 4771(2) 58(1) 
C(12) 2484(3) 9112(2) 5339(2) 79(1) C(13) 2951(2) 6890(2) 4382(2) 64(1) 
C(14) 2666(3) 5894(2) 4586(2) 79(1) N(14) 2594(2) 2436(1) 9(1) 46(1) 
C(15) 4037(2) 2136(2) -316(2) 65(1) C(16) 5032(2) 1277(2) 296(2) 85(1) 
C(17) 2564(2) 2726(2) 870(2) 55(1) C(18) 3144(3) 3558(2) 851(2) 80(1) 
C(19) 1785(2) 3305(2) -704(2) 61(1) C(20) 306(2) 3742(2) -516(2) 79(1) 
C(21) 1984(2) 1588(2) 178(2) 52(1) C(22) 1892(2) 1197(2) -612(2) 70(1) 
N(15) 8327(2) 2088(1) 1720(1) 47(1) 0(1) 8450(2) 1850(1) 2530(1) 63(1) 
0(2) 9078(2) 2520(1) 1253(1) 64(1) 0(3) 7415(2) 1897(1) 1361(1) 58(1) 
N(16) -3440(2) 7670(1) 3176(1) 47(1) 0(4) -3739(2) 7843(2) 2410(1) 99(1) 




S(1) 4611(1) 3104(1) 2374(1) 53(1) C(1) 4524(4) 3995(3) 1942(1) 47(1) 
N(1) 5841(3) 4319(3) 1757(1) 57(1) N(2) 3172(3) 4361(3) 1779(1) 66(1) 
S(2) 5525(1) 8967(1) 2778(1) 63(1) C(2) 5447(4) 7201(4) 2675(1) 47(1) 
N(3) 6749(3) 6442(3) 2627(1) 59(1) N(4) 4089(3) 6525(3) 2646(1) 66(1) 
S(3) 1768(2) 9030(1) 415(1) 85(1) C(3) 437(4) 7738(4) 331(1) 59(1) 
N(5) -840(4) 7939(4) 112(1) 80(1) N(6) 593(4) 6456(3) 493(1) 75(1) 
N(7) 4536(4) 5641(3) 826(1) 63(1) 0(1) 3289(3) 5627(3) 1009(1) 88(1) 
0(2) 5834(3) 5611(3) 992(1) 83(1) 0(3) 4470(4) 5686(4) 469(1) 110(1) 
N(8) 8076(3) 5257(3) 3847(1) 45(1) C(4) 8825(4) 5420(3) 4249(1) 54(1) 
C(5) 9777(5) 6772(4) 4315(1) 81(1) C(6) 10281(5) 6919(4) 4733(1) 87(1) 
C(7) 7185(4) 3859(3) 3843(1) 51(1) C(8) 6430(4) 3449(4) 3455(1) 69(1) 
C(9) 5584(5) 2036(4) 3489(1) 83(1) C(10) 9331(4) 5267(4) 3535(1) 56(1) 
C(11) 10520(4) 4080(4) 3560(1) 74(1) C(12) 11754(5) 4296(5) 3254(2) 105(1) 
C(13) 6972(4) 6500(3) 3758(1) 55(1) C(14) 5716(5) 6770(4) 4053(1) 82(1) 
C(15) 4651(5) 7954(4) 3932(2) 110(1) 0(1W) 7701(4) 5028(3) 228(1) 99(1) 
(CH3)4N^03 -(NH2)2CS (2.2.7) 
S(1) 5407(2) 2500 454(3) 72(1) C(1) 5135(4) 2500 1441(8) 55(1) 
N(1) 5036(3) 1119(5) 2192(5) 70(1) N(2) 3868(5) 2500 5551(8) 82(1) 
0(1) 4191(6) 1276(8) 5220(7) 186(1) 0(2) 3220(7) 2500 6250(12) 198(1) 
N(3) 2439(4) 2500 10169(7) 63(1) C(2) 2968(4) 1013(7) 9932(8) 100(1) 
C(3) 1728(6) 2500 9106(12) 103(1) C(4) 2115(8) 2500 11774(10) 113(1) 
(«-C3H7)4NM03�aVH2)2CS (2.2.8) 
S(1) 2533(1) 5020(1) 5390(1) 61(1) C(1) 2453(2) 5059(2) 4265(1) 52(1) 
N(1) 1135(2) 5076(1) 3803(1) 63(1) N(2) 3705(2) 5078(2) 3799(1) 73(1) 
N(3) 2304(2) 4904(1) 1477(1) 60(1) 0(1) 1225(2) 4632(2) 1900(1) 108(1) 
0(2) 3335(2) 5359(1) 1854(1) 79(1) 0(3) 2412(2) 4691(1) 690(1) 84(1) 
N(4) 8448(2) 8188(1) 4122(1) 43(1) C(2) 9374(2) 8177(1) 4998(1) 47(1) 
C(3) 9572(3) 7242(2) 5437(2) 71(1) C(4) 10468(3) 7342(2) 6311(2) 75(1) 
C(5) 9215(2) 7614(1) 3424(1) 54(1) C(6) 10762(3) 7935(2) 3171(2) 77(1) 
C(7) 11352(4) 7367(3) 2436(2) 118(1) C(8) 6885(2) 7768(2) 4220(1) 54(1) 
C(9) 5886(3) 8210(2) 4890(2) 72(1) C(10) 4443(3) 7644(3) 4954(3) 103(1) 
C(11) 8332(2) 9205(1) 3850(1) 45(1) C(12) 7547(3) 9400(2) 2957(1) 57(1) 
C(13) 7454(3) 10437(2) 2816(2) 75(1) 
(w-C4H9)4NlVO3 aVH2)2CS (2.2.9) 
S(1) 317(1) 4990(1) 3459 69(1) C(1) 484(1) 4552(1) 3429(2) 52(1) 
N(1) -794(1) 4362(1) 2160(2) 64(1) N(2) -825(1) 4399(1) 4649(2) 71(1) 
N(3) -2579(1) 4324(1) 2860(2) 77(1) 0(1) -2255(1) 4068(2) 1756(2) 117(1) 
0(2) -2277(1) 4437(2) 4041(2) 101(1) 0(3) -3178(1) 4462(2) 2840(2) 127(1) 
N(4) 3369(1) 7470(1) 1946(2) 48(1) C(2) 2698(1) 6989(1) 2379(2) 56(1) 
C(3) 2189(1) 7758(2) 3013(2) 67(1) C(4) 1553(1) 7207(2) 3413(2) 87(1) 
C(5) 1046(1) 7894(2) 4119(2) 104(1) C(6) 3274(1) 8361(1) 842(2) 51(1) 
C(7) 2883(1) 8098(2) -530(2) 62(1) C(8) 2764(1) 9063(2) -1465(2) 70(1) 
C(9) 2339(1) 8841(2) -2792(2) 91(1) C(10) 3708(1) 7945(1) 3273(2) 51(1) 
C(11) 3903(1) 7191(2) 4481(2) 62(1) C(12) 4242(1) 7783(2) 5711(2) 65(1) 
C(13) 4539(1) 7074(2) 6857(2) 85(1) C(14) 3780(1) 6584(1) 1297(2) 56(1) 
C(15) 4505(1) 6847(2) 912(2) 65(1) C(16) 4874(1) 5868(2) 428(2) 91(1) 
C(17) 5594(1) 6051(2) -9(2) 114(1) 
Atom Uu U22 U33 U12 Uu t/23 Atom Uu U22 U33 Un Uu U23 
(C2H5)4N^O3 3OVH2)2CS (2.2.5) 
S(1) 66(1) 70(1) 82(1) -2(1) -20(1) ^5(1) C(1) 53(1) 41(1) 40(1) -16(1) 0(1) -8(1) 
N(1) 52(1) 53(1) 64(1) -17(1) 2(1) -23(1) N(2) 55(1) 49(1) 60(1) -15(1) -2(1) -23(1) 
S(2) 50(1) 57(1) 45(1) -14(1) 4(1) -22(1) C(2) 35(1) 52(1) 49(1) -19(1) 9(1) -22(1) 
N(3) 57(1) 60(1) 52(1) -9(1) 0(1) -29(1) N(4) 52(1) 63(1) 48(1) -6(1) 1(1) -23(1) 
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S(3) 47(1) 72(1) 87(1) -11(1) -10(1) ^7(1) C(3) 50(1) 50(1) 50(1) -19(1) -2(1) -17(1) 
N(5) 58(1) 61(1) 71(1) -11(1) -15(1) -34(1) N(6) 42(1) 66(1) 84(1) -10(1) -8(1) -38(1) 
S(4) 43(1) 48(1) 56(1) -14(1) 4(1) -16(1) C(4) 42(1) 44(1) 36(1) -10(1) -6(1) -13(1) 
N(7) 51(1) 45(1) 56(1) -9(1) 14(1) -16(1) N(8) 47(1) 44(1) 62(1) -11(1) 9(1) -14(1) 
S(5) 58(1) 49(1) 39(1) 4(1) -5(1) -17(1) C(5) 37(1) 41(1) 38(1) -14(1) 5(1) -12(1) 
N(9) 59(1) 48(1) 38(1) -7(1) 0(1) -17(1) N(10) 58(1) 49(1) 38(1) -5(1) -3(1) -12(1) 
S(6) 41(1) 43(1) 47(1) -15(1) 4(1) -12(1) C(6) 42(1) 42(1) 35(1) -13(1) -2(1) -13(1) 
N(11) 48(1) 43(1) 68(1) -12(1) 16(1) -15(1) N(12) 49(1) 40(1) 54(1) -12(1) 7(1) -6(1) 
N(13) 46(1) 57(1) 37(1) -28(1) 12(1) -17(1) C(7) 53(1) 79(1) 94(1) -35(1) 21(1) -27(1) 
C(8) 58(1) 92(1) 136(1) -20(1) -23(1) -36(1) C(9) 84(1) 69(1) 41(1) -34(1) 10(1) -12(1) 
C(10) 78(1) 102(1) 79(1) -30(1) -20(1) -5(1) C(11) 66(1) 68(1) 53(1) A1{\) 11(1) -13(1) 
C(12) 111(1) 74(1) 73(1) -51(1) 5(1) -28(1) C(13) 72(1) 83(1) 50(1) -28(1) 11(1) -34(1) 
C(14) 101(1) 74(1) 81(1) -36(1) 6(1) ^1(1) N(14) 47(1) 68(1) 33(1) -31(1) 4(1) -12(1) 
C(15) 50(1) 108(1) 57(1) ^2(1) 17(1) -36(1) C(16) 48(1) 114(1) 103(1) -21(1) 2(1) ^9(1) 
C(17) 64(1) 74(1) 35(1) -31(1) 5(1) -17(1) C(18) 109(1) 96(1) 60(1) -56(1) 6(1) -33(1) 
C(19) 73(1) 74(1) 41(1) ^1(1) -5(1) 2(1) C(20) 77(1) 70(1) 79(1) -20(1) -17(1) 2(1) 
C(21) 47(1) 62(1) 53(1) -27(1) 7(1) -12(1) C(22) 66(1) 80(1) 81(1) -36(1) -2(1) -31(1) 
N(15) 49(1) 43(1) 50(1) -11(1) 12(1) -18(1) 0(1) 73(1) 73(1) 44(1) -17(1) 4(1) -23(1) 
0(2) 59(1) 62(1) 78(1) -29(1) 31(1) -22(1) 0(3) 60(1) 67(1) 54(1) -28(1) -2(1) -16(1) 
N(16) 44(1) 53(1) 49(1) -14(1) 8(1) -23(1) 0(4) 117(1) 153(1) 50(1) -58(1) -10(1) -39(1) 
0(5) 68(1) 92(1) 93(1) 40(1) 32(1) -17(1) 0(6) 41(1) 49(1) 68(1) -13(1) -2(1) -25(1) 
(w-C3H7)4N^03 -3(NH2)2CS H20 (2.2.6) 
S(1) 46(1) 52(1) 60(1) 1(1) 2(1) 9(1) C(1) 47(1) 44(1) 50(1) -1(1) 0(1) -10(1) 
N(1) 46(1) 70(1) 56(1) 3(1) 9(1) 9(1) N(2) 43(1) 89(1) 67(1) 4(1) -7(1) 25(1) 
S(2) 48(1) 46(1) 97(1) 4(1) 5(1) -16(1) C(2) 43(1) 54(1) 43(1) -5(1) -2(1) -8(1) 
N(3) 46(1) 54(1) 78(1) 4(1) 2(1) -11(1) N(4) 48(1) 49(1) 100(1) -3(1) 9(1) -19(1) 
S(3) 70(1) 77(1) 107(1) 2(1) -15(1) 12(1) C(3) 57(1) 68(1) 52(1) 10(1) 3(1) 4(1) 
N(5) 70(1) 80(1) 90(1) -2(1) -22(1) 22(1) N(6) 66(1) 76(1) 82(1) 3(1) -11(1) 19(1) 
N(7) 74(1) 57(1) 57(1) -1(1) -1(1) 11(1) 0(1) 67(1) 124(1) 73(1) -1(1) 5(1) 34(1) 
0(2) 62(1) 111(1) 76(1) -10(1) -13(1) 9(1) 0(3) 98(1) 174(1) 58(1) 27(1) -3(1) 16(1) 
N(8) 48(1) 42(1) 46(1) 1(1) 1(1) 6(1) C(4) 59(1) 53(1) 49(1) >4(1) .6(1) 3(1) 
C(5) 87(1) 70(1) 86(1) -20(1) -12(1) 2(1) C(6) 87(1) 82(1) 91(1) 1(1) -24(1) -26(1) 
C(7) 55(1) 44(1) 55(1) 4(1) 4(1) 4(1) C(8) 68(1) 74(1) 66(1) -11(1) -7(1) -6(1) 
C(9) 90(1) 65(1) 95(1) -2(1) -14(1) -17(1) C(10) 51(1) 63(1) 56(1) 2(1) 10(1) 10(1) 
C(11) 60(1) 86(1) 77(1) 14(1) 14(1) 2(1) C(12) 70(1) 155(1) 91(1) 21(1) 19(1) 4(1) 
C(13) 55(1) 47(1) 62(1) 10(1) -1(1) 14(1) C(14) 73(1) 72(1) 102(1) 23(1) 20(1) 16(1) 
C(15) 101(1) 109(1) 121(1) 53(1) 12(1) 7(1) 0(1W) 74(1) 120(1) 104(1) -8(1) 11(1) -30(1) 
(CH3)4N^O3 OVH2)2CS (2.2.7) (2.2.7) 
S(1) 99(1) 44(1) 74(1) 0 26(1) 0 C(1) 48(2) 46(2) 70(2) 0 -2(2) 0 
N(1) 93(2) 53(1) 64(1) -3(2) 1(1) 5(1) N(2) 110(2) 65(2) 71(2) 0 25(2) 0 
0(1) 288(2) 105(2) 164(2) 69(2) 78(2) 6(2) 0(2) 172(2) 252(2) 170(2) 0 93(2) 0 
N(3) 51(2) 52(2) 86(2) 0 8(2) 0 C(2) 94(2) 60(2) 145(2) 26(2) 12(2) 3(2) 
C(3) 70(2) 100(2) 140(2) 0 -23(2) 0 C(4) 129(2) 130(2) 81(2) 0 21(2) 0 
(w-C3H7)4N"^ O3 .0^ H2)2CS (2.2.8) 
S(1) 48(1) 79(1) 55(1) 4(1) 4(1) -1(1) C(1) 46(1) 49(1) 60(1) ^(1) 6(1) -1(1) 
N(1) 49(1) 83(1) 57(1) -1(1) 3(1) 5(1) N(2) 49(1) 111(1) 59(1) -2(1) 7(1) 4(1) 
N(3) 61(1) 63(1) 57(1) 12(1) 9(1) 8(1) 0(1) 75(1) 171(1) 79(1) -30(1) 26(1) -15(1) 
0(2) 78(1) 83(1) 78(1) -9(1) 11(1) -3(1) 0(3) 113(1) 87(1) 53(1) 5(1) 11(1) 9(1) 
N(4) 46(1) 37(1) 45(1) -3(1) 0(1) 4(1) C(2) 50(1) 45(1) 46(1) -1(1) -3(1) -6(1) 
C(3) 90(1) 50(1) 72(1) 2(1) -25(1) 2(1) C(4) 84(1) 70(1) 69(1) 0(1) -18(1) 9(1) 
C(5) 66(1) 43(1) 52(1) 1(1) 0(1) -14(1) C(6) 67(1) 79(1) 85(1) 4(1) 16(1) -30(1) 
C(7) 139(1) 104(1) 116(1) -2(1) 67(1) -33(1) C(8) 52(1) 48(1) 61(1) -11(1) -7(1) 6(1) 
C(9) 58(1) 71(1) 87(1) -5(1) 16(1) 11(1) C(10) 64(1) 108(1) 139(1) -16(1) 23(1) 14(1) 
C(11) 52(1) 35(1) 47(1) -3(1) 4(1) 4(1) C(12) 66(1) 48(1) 56(1) 0(1) >4(1) 1(1) 
C(13) 97(1) 53(1) 74(1) 3(1) -11(1) 12(1) 
(w-C4H9)4N^03 '(NH2)2CS (2.2.9) 
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S(1) 51(1) 90(1) 66(1) -2(1) 3(1) -16(1) C(1) 52(1) 46(1) 59(1) 8(1) 3(1) 4(1) 
N(1) 54(1) 72(1) 66(1) -3(1) -5(1) -3(1) N(2) 64(1) 86(1) 62(1) -15(1) 1(1) 10(1) 
N(3) 74(1) 56(1) 102(1) -24(1) -3(1) 17(1) 0(1) 109(1) 147(1) 94(1) -36(1) 23(1) 3(1) 
0(2) 82(1) 115(1) 106(1) -20(1) -6(1) -6(1) 0(3) 67(1) 122(1) 190(1) -7(1) -18(1) 16(1) 
N(4) 52(1) 41(1) 50(1) -5(1) -3(1) 0(1) C(2) 55(1) 50(1) 64(1) -15(1) -5(1) 5(1) 
C(3) 55(1) 75(1) 70(1) -17(1) 3(1) -9(1) C(4) 60(1) 93(1) 107(1) -16(1) 10(1) 8(1) 
C(5) 62(1) 141(1) 108(1) -14(1) 10(1) -2(1) C(6) 54(1) 43(1) 57(1) -2(1) -3(1) 0(1) 
C(7) 73(1) 55(1) 57(1) 4(1) -11(1) 1(1) C(8) 83(1) 57(1) 70(1) 4(1) -8(1) 7(1) 
C(9) 115(1) 82(1) 76(1) 9(1) -32(1) 13(1) C(10) 52(1) 51(1) 51(1) -6(1) -3(1) -2(1) 
C(11) 65(1) 66(1) 55(1) -10(1) -2(1) 4(1) C(12) 63(1) 75(1) 55(1) -8(1) -1(1) -8(1) 
C(13) 98(1) 94(1) 64(1) -13(1) -13(1) 15(1) C(14) 67(1) 46(1) 55(1) 7(1) -11(1) >6(1) 
C(15) 67(1) 70(1) 57(1) 10(1) -1(1) -5(1) C(16) 98(1) 86(1) 88(1) 34(1) 5(1) 1(1) 
C(17) 91(1) 147(1) 103(1) 51(1) 11(1) -9(1) C(13) 97(1) 53(1) 74(1) 3(1) -11(1) 12(1) 
Atom X y z U Atom x y z U 
(C2H5)4N^O3 3G^H2)2CS (2.2.5) 
H(lA) 8708 3760 1881 80 H(lB) 8826 4436 2472 80 
H(2A) 5614 5856 2314 80 H(2B) 7054 5642 2723 80 
H(3A) 3931 5951 723 80 H(3B) 3063 6642 -103 80 
H(4A) 1465 8493 801 80 H(4B) 1616 8129 -55 80 
H(5A) 673 11052 2571 80 H(5B) 2214 10689 2846 80 
H(6A) 3141 8744 1995 80 H(6B) 3633 9358 2511 80 
H(7A) 1662 4643 2855 80 H(7B) 2049 5580 2357 80 
H(8A) -660 7237 2910 80 H(8B) 683 7103 2388 80 
H(9A) 1182 3897 4387 80 H(9B) 1989 3214 5238 80 
H(lOA) 3602 1310 4410 80 H(lOB) 3410 1704 5252 80 
H(llA) 7181 -559 2858 80 H(llB) 7394 430 2320 80 
H(12A) 4475 1927 2826 80 H(12B) 5803 1892 2297 80 
H(7C) 717 8083 5615 100 H(7D) 697 7155 5324 100 
H(8C) -806 8558 4417 120 H(8D) 399 9008 4151 120 
H(8E) 379 8071 3857 120 H(9C) 2781 6296 6128 80 
H(9D) 2791 7243 6382 80 H(lOC) 4936 6127 6601 100 
H(lOD) 4976 6103 5613 100 H(lOE) 4986 7063 5870 100 
H(llC) 2635 8711 4178 80 H(llD) 3928 8178 4779 80 
H(12C) 2816 9669 5124 100 H(12D) 1505 9330 5324 100 
H(12E) 2812 8792 5931 100 H(13A) 3913 6781 4312 100 
H(13B) 2505 7275 3831 100 H(14A) 2992 5565 4128 120 
H(14B) 3127 5496 5129 120 H(14C) 1703 5996 4642 120 
H(15A) 4382 2691 ^18 100 H(15B) 4000 1984 -870 100 
H(16A) 5910 1144 33 120 H(16B) 5105 1425 847 120 
H(16C) 4718 709 390 120 H(17A) 3067 2154 1302 80 
H(17B) 1637 2911 1054 80 H(18A) 3093 3686 1421 100 
H(18B) 4079 3374 684 100 H(18C) 2633 4140 433 100 
H(19A) 1813 3093 -1234 80 H(19B) 2219 3814 -811 80 
H(20A) -138 4283 -994 100 H(20B) -145 3243 All 100 
H(20C) 265 3972 5 100 H(21A) 1085 1802 398 80 
H(21B) 2525 1054 627 80 H(22A) 1497 666 449 100 
H(22B) 1332 1720 -1060 100 H(22C) 2789 963 -829 100 
(w-C3H7>4NlV03-3a^H2)2CSH20(2.2.6) 
H(lA) 6782 4061 1863 80 H(lB) 5805 4793 1529 80 
H(2A) 2261 4137 1897 80 H(2B) 3146 4835 1551 80 
H(3A) 7701 6871 2648 80 H(3B) 6689 5503 2573 80 
H(4A) 3182 7015 2677 80 H(4B) 4056 5586 2592 80 
H(5A) -1031 8796 3 80 H(5B) -1525 7214 72 80 
H(6A) 1425 6276 653 80 H(6B) -130 5770 443 80 
H(4C) 9517 4621 4295 80 H(4D) 8013 5397 4442 80 
H(5C) 9131 7576 4242 100 H(5D) 10687 6751 4151 100 
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H(6C) 10883 7778 4774 120 H(6D) 9360 6938 4893 120 
H(6E) 10924 6108 4802 120 H(7A) 6362 3907 4032 80 
H(7B) 7907 3116 3921 80 H(8A) 7237 3395 3262 100 
H(8B) 5673 4163 3377 100 H(9A) 5104 1761 3245 120 
H(9B) 6354 1334 3567 120 H(9C) 4782 2105 3683 120 
H(lOA) 9895 6154 3557 80 H(lOB) 8825 5237 3283 80 
H(llA) 9986 3184 3522 100 H(llB) 11019 4078 3813 100 
H(12A) 12517 3536 3268 120 H(12B) 11242 4294 3003 120 
H(12C) 12281 5193 3295 120 H(13A) 6462 6340 3510 80 
H(13B) 7599 7352 3739 80 H(14A) 6210 6957 4301 100 
H(14B) 5078 5926 4074 100 H(15A) 3844 8114 4121 120 
H(15B) 5302 8790 3912 120 H(15C) 4163 7753 3683 120 
(CH3)4N^O3 O^ H2)2CS (2.2.7) 
H(lA) 5070 163 1506 100 H(lB) 4836 1132 3132 100 
H(2A) 3146 1073 8947 120 H(2B) 3397 1046 10575 120 
H(2C) 2605 8 10093 120 H(3A) 1884 2500 8092 120 
H(3B) 1334 1551 9248 120 H(4A) 2527 2500 12473 120 
H(4B) 1802 3499 11927 120 
(w-C3H7)4N^O3 CNH2)2CS (2.2.8) 
H(lA) 255 5075 4089 80 H(lB) 1118 5095 3206 80 
H(2A) 4628 5065 4080 80 H(2B) 3630 5097 3202 80 
H(2C) 8919 8599 5403 60 H(2D) 10374 8406 4887 60 
H^A) 10061 6813 5054 80 H(3B) 8584 7001 5561 80 
H(4A) 10576 6751 6601 100 H(4B) 11456 7578 6182 100 
H(4C) 9969 7768 6693 100 H(5A) 8567 7608 2896 60 
H(5B) 9304 6987 3634 60 H(6A) 11436 7918 3688 80 
H(6B) 10692 8565 2968 80 H(7A) 12342 7588 2291 100 
H(7B) 11432 6738 2643 100 H(7C) 10683 7390 1917 100 
H(8A) 7015 7127 4375 60 H(8B) 6354 7789 3651 60 
H(9A) 5636 8826 4692 80 H(9B) 6431 8257 5453 80 
H(lOA) 3825 7948 5377 100 H(lOB) 3891 7605 4393 100 
H(lOC) 4693 7031 5162 100 H(llA) 9345 9454 3842 60 
H(llB) 7801 9535 4295 60 H(12A) 6535 9148 2946 80 
H(12B) 8098 9110 2496 80 H(13A) 6953 10561 2251 100 
H(13B) 6895 10722 3277 100 H(13C) 8469 10684 2824 100 
(w-C4H9)4N"^ O3_*0VH2)2CS (2.2.9) 
H(lA) -566 4470 1320 80 H(lB) -1220 4132 2127 80 
H(2A) -624 4517 5520 80 H(2B) -1250 4169 4622 80 
H(2C) 2770 6440 3085 80 H(2D) 2500 6679 1522 80 
H(3A) 2093 8298 2305 90 H(3B) 2379 8081 3871 90 
H(4A) 1656 6654 4095 100 H(4B) 1365 6892 2546 100 
H(5A) 648 7511 4365 120 H(5B) 1231 8201 4993 120 
H(5C) 938 8441 3431 120 H(6A) 3709 8592 534 80 
H(6B) 3062 8941 1331 80 H(7A) 2456 7819 -243 90 
H(7B) 3113 7573 -1095 90 H(8A) 3192 9322 -1776 100 
H(8B) 2556 9597 -874 100 H(9A) 2288 9478 -3346 120 
H(9B) 2549 8317 -3395 120 H(9C) 1907 8594 -2484 120 
H(lOA) 3414 8463 3686 80 H(lOB) 4106 8300 2947 80 
H(llA) 4204 6671 4099 90 H(llB) 3511 6844 4852 90 
H(12A) 3915 8214 6194 100 H(12B) 4574 8236 5286 100 
H(13A) 4749 7486 7611 120 H(13B) 4205 6627 7289 120 
H(13C) 4870 6650 6373 120 H(14A) 3575 6371 391 80 
H(14B) 3770 5993 1954 80 H(15A) 4714 7102 1793 90 
H(15B) 4530 7385 174 90 H(16A) 4646 5596 419 100 
H(16B) 4861 5344 1187 100 H(17A) 5813 5423 -344 120 
H(17B) 5604 6571 £74 m H(17C) 5821 6317 843 120 
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Table A-2.4 Atomic coordinates (x 1 0 � a n d thermal parameters*�R x 10 )^ of 2 .2 .10-2.2 .13 
Atom X y z U^ Atom x y z ^ 
(C2Hs)4N^C02PVH2)2CSH20(2.2.10) 
S(1) A2{2) 4566(1) 6629(1) 80(1) C(1) -86(4) 3729(3) 5899(3) 56(1) 
N(1) 178(4) 3756(2) 4920(3) 72(1) N(2) -357(4) 3022(2) 6287(3) 68(1) 
C(2) 5(4) 1772(3) 4053(4) 94(1) 0(1) 76(4) 1662(2) 4993(3) 113(1) 
0(2) -185(4) 2384(2) 3548(3) 94(1) 0(1W) -1446(5) 114(4) 5368(4) 159(1) 
N(3) 4819(4) 3722(2) 2361(3) 69(1) C(3) 6219(5) 3638(3) 1644(4) 117(1) 
C(4) 5381(5) 3515(4) 498(4) 195(1) C(5) 3521(4) 4417(3) 2049(4) 98(1) 
C(6) 4492(5) 5208(3) 2107(4) 154(1) C(7) 5956(4) 3813(3) 3417(4) 101(1) 
C(8) 4853(5) 3904(3) 4307(4) 147(1) C(9) 3592(4) 3016(3) 2288(4) 101(1) 
C(10) 4599(5) 2215(3) 2516(4) 128(1) 
2(C2Hs)4N$CO2.20VH2)2CSHCO2H(2.2.11)a 
S(1) 2915(1) 864(2) 5462 94(1) C(1) 3304(2) 596(2) 6240(2) 65(1) 
N(1) 3800(2) 193(2) 6190(2) 78(1) N(2) 3111(2) 816(2) 6957(2) 82(1) 
S(2) 4545(1) 47(2) 4542(1) 92(1) C(2) 4169(2) 321(2) 3762(2) 65(1) 
N(3) 3677(2) 646(2) 3826(2) 78(1) N(4) 4368(2) 251(2) 3060(2) 77(1) 
C(3) 3247(2) 1433(2) 1904(2) 103(1) 0(1) 2992(2) 1201(2) 2453(2) 101(1) 
0(2) 3717(2) 1416(2) 1837(2) 149(1) C(4) 4272(2) 86(2) 8121(2) 111(1) 
0(3) 4512(2) 37(2) 7512(2) 106(1) 0(4) 3807(2) 259(2) 8193(2) 168(1) 
C(5) 3752(2) 537(2) 10012(2) 164(1) 0(5) 3603(2) 1482(2) 9507(2) 179(1) 
0(6) 3868(2) -1078(2) 9984(2) 193(1) 0(5') 3696(2) 2137(2) 9976(2) 176(1) 
0(6,) 3665(2) -746(2) 9592(2) 135(1) N(5) 2448(2) 5779(2) 3724(2) 70(1) 
C(6) 2485(2) 7127(2) 3049(2) 123(1) C(7) 2569(2) 6172(2) 2282(2) 149(1) 
C(8) 2947(2) 4732(2) 3817(2) 113(1) C(9) 3420(2) 5805(2) 3955(2) 167(1) 
C(10) 2328(2) 7009(2) 4372(2) 121(1) C(11) 2264(2) 5859(2) 5165(2) 177(1) 
C(12) 2051(2) 4392(2) 3561(2) 118(1) C(13) 1503(2) 5259(2) 3375(2) 167(1) 
N(6) 5067(2) 4779(2) 6306(2) 80(1) C(14) 5221(2) 6061(2) 5622(2) 98(1) 
C(15) 5198(2) 5060(2) 4856(2) 141(1) C(16) 5452(2) 3175(2) 6365(2) 102(1) 
C(17) 6000(2) 3713(2) 6504(2) 152(1) C(18) 5105(2) 6030(2) 7004(2) 97(1) 
C(19) 4972(2) 5015(2) 7763(2) 137(1) C(20) 4550(2) 3986(2) 6194(2) 100(1) 
C(21) 4105(2) 5253(2) 6107(2) 126(1) 
(w-C3H7)4N^C02'3CVH2)2CSH20(2.2.12) 
S(1) -509(1) 916(1) 2212(1) 62(1) C(1) 435(4) 2650(4) 2340(1) 47(1) 
N(1) 932(3) 3321(3) 2378(1) 68(1) N(2) -1727(3) 3406(3) 2395(1) 59(1) 
S(2) 4641(1) 1735(1) 2349(1) 53(1) C(2) 4593(4) 917(4) 1894(1) 47(1) 
N(3) 3242(3) 580(3) 1720(1) 68(1) N(4) 5911(3) 597(3) 1704(1) 57(1) 
S(3) 1938(2) 5950(2) 366(1) 116(1) C(3) 649(5) 7222(5) 311(1) 87(1) 
N(5) -734(4) 7069(5) 121(1) 107(1) N(6) 850(5) 8494(4) 471(1) 111(1) 
C(4) 4610(5) 9241(4) 782(1) 71(1) 0(1) 5935(4) 9543(4) 887(1) 97(1) 
0(2) 3380(4) 9306(4) 957(1) 103(1) 0(1W) 7898(4) 9842(4) 277(1) 137(1) 
N(7) 8127(3) 9763(3) 3831(1) 47(1) C(5) 7265(4) 11161(4) 3838(1) 55(1) 
C(6) 6460(5) 11602(4) 3452(1) 74(1) C(7) 5588(5) 12958(4) 3505(2) 95(1) 
C(8) 9353(4) 9759(4) 3499(1) 59(1) C(9) 10558(5) 10936(5) 3524(1) 79(1) 
C(10) 11870(5) 10654(6) 3237(2) 103(1) C(11) 6994(4) 8551(4) 3742(1) 55(1) 
C(12) 5723(5) 8316(4) 4044(2) 82(1) C(13) 4670(5) 7127(5) 3925(2) 101(1) 
C(14) 8905(4) 9550(4) 4237(1) 57(1) C(15) 9879(5) 8228(5) 4278(1) 84(1) 
a i 6 � 10387(5� 7954(5) 4701(2) 101(1) 




S(1) 8082(1) 5371(1) 7755(1) 84(1) C(1) 7740(2) 5459(3) 6977(2) 77(1) 
N(1) 7700(2) 6167(2) 6676(2) 91(1) N(2) 7490(2) 4837(2) 6638(2) 93(1) 
S(2) 8166(1) 8031(1) 7322(1) 91(1) C(2) 7848(3) 7943(3) 8108(2) 75(1) 
N(3) 7482(2) 8521(2) 8411(2) 96(1) N(4) 7954(2) 7270(2) 8450(2) 92(1) 
C(3) 6662(3) 5217(3) 4864(3) 168(1) 0(1) 6818(3) 5002(3) 5410(2) 216(1) 
0(2) 6614(3) 5929(3) 4651(2) 179(1) C(4) 7162(3) 7580(3) 5247(3) 152(1) 
OO) 7191(3) 7727(3) 4676(2) 192(1) 0(4) 6978(3) 6921(3) 5506(2) 172(1) 
N(5) 5510(2) 8483(2) 3132(2) 68(1) C(5) 6109(2) 8854(2) 3583(2) 73(1) 
C(6) 5832(3) 9503(3) 4037(2) 105(1) C(7) 6450(3) 9845(3) 4446(2) 107(1) 
C(8) 6226(3) 10509(3) 4900(3) 138(1) C(9) 5161(2) 9104(2) 2686(2) 83(1) 
C(10) 5722(3) 9586(3) 2276(2) 113(1) C(11) 5320(3) 10159(3) 1794(3) 144(1) 
C(12) 5007(3) 9750(3) 1273(3) 179(1) C(13) 5917(2) 7845(2) 2738(2) 75(1) 
C(14) 5458(3) 7427(3) 2205(2) 97(1) C(15) 5912(3) 6782(3) 1875(2) 113(1) 
C(16) 5514(3) 6385(3) 1327(2) 157(1) C(17) 4854(2) 8128(3) 3527(2) 81(1) 
C(18) 5056(3) 7520(3) 4041(2) 113(1) C(19) 4353(3) 7258(3) 4416(2) 135(1) 
C(20) 4472(3) 6822(3) 4987(3) 191(1) 
Atom Uu U22 t/33 Uu Uu U23 Atom Uu U22 U33 Un U^ U23 
(C2Hs)4N^C02-(NH2)2CSH20(2.2.10) 
S(1) 120(1) 53(1) 70(1) 0(1) 26(1) 4(1) C(1) 51(1) 52(1) 64(1) -1(1) 4(1) 12(1) 
N(1) 108(1) 48(1) 60(1) -5(1) 15(1) 7(1) N(2) 92(1) 51(1) 60(1) 0(1) 14(1) 1(1) 
C(2) 133(1) 76(1) 69(1) 2(1) 7(1) -27(1) 0(1) 179(1) 90(1) 71(1) -3(1) 20(1) -3(1) 
0(2) 147(1) 67(1) 70(1) 11(1) 23(1) -5(1) 0(1W) 197(1) 86(1) 185(1) 4(1) 11(1) 37(1) 
N(3) 58(1) 63(1) 84(1) 3(1) 5(1) 0(1) C(3) 99(1) 132(1) 123(1) 25(1) 31(1) 6(1) 
C(4) 215(1) 254(1) 136(1) 78(1) 89(1) 38(1) C(5) 95(1) 74(1) 127(1) 22(1) 26(1) 11(1) 
C(6) 119(1) 82(1) 261(1) 21(1) 36(1) 46(1) C(7) 86(1) 84(1) 127(1) 4(1) 3(1) -26(1) 
C(8) 142(1) 178(1) 109(1) 43(1) -10(1) -24(1) C(9) 92(1) 77(1) 127(1) -2(1) ^(1) -6(1) 
C(10) 121(1) 61(1) 191(1) -3(1) 0(1) -3(1) 
2(C2Hs)4N$C02.2(NH2)2CSHC02H(2.2.11) 
S(1) 76(1) 148(1) 56(1) 9(1) -1(1) -1(1) C(1) 80(1) 53(1) 62(1) -9(1) 2(1) -1(1) 
N(1) 68(1) 99(1) 67(1) 0(1) 7(1) -7(1) N(2) 65(1) 126(1) 56(1) 4(1) -3(1) -1(1) 
S(2) 79(1) 135(1) 61(1) 16(1) -1(1) 8(1) C(2) 73(1) 67(1) 54(1) 0(1) 6(1) -5(1) 
N(3) 74(1) 105(1) 55(1) 14(1) -1(1) 4(1) N(4) 71(1) 108(1) 51(1) -1(1) 7(1) 10(1) 
C(3) 76(1) 185(1) 50(1) -5(1) 6(1) -1(1) 0(1) 77(1) 164(1) 62(1) -2(1) -7(1) -7(1) 
0(2) 90(1) 257(1) 99(1) -12(1) ^(1) 26(1) C(4) 72(1) 161(1) 99(1) 22(1) -34(1) 19(1) 
0(3) 96(1) 146(1) 76(1) 17(1) 5(1) 1(1) 0(4) 77(1) 352(1) 74(1) 35(1) -13(1) 23(1) 
C(5) 242(1) 133(1) 117(1) -23(1) 46(1) 40(1) 0(5) 312(1) 163(1) 63(1) 105(1) 20(1) 21(1) 
0(6) 198(1) 176(1) 206(1) -15(1) -104(1) 45(1) N(5) 83(1) 60(1) 67(1) 11(1) 4(1) -5(1) 
C(6) 190(1) 106(1) 72(1) 15(1) 19(1) -8(1) C(7) 220(1) 124(1) 104(1) 67(1) 25(1) 37(1) 
C(8) 120(1) 122(1) 98(1) 14(1) 4(1) -15(1) C(9) 130(1) 160(1) 211(1) 4(1) -27(1) -29(1) 
C(10) 156(1) 113(1) 95(1) -5(1) 17(1) -12(1) C(11) 252(1) 224(1) 55(1) 57(1) 26(1) 6(1) 
C(12) 136(1) 96(1) 123(1) -9(1) -11(1) -15(1) C(13) 114(1) 208(1) 178(1) -3(1) -30(1) -31(1) 
N(6) 104(1) 74(1) 61(1) 5(1) 4(1) 13(1) C(14) 140(1) 89(1) 65(1) -21(1) 13(1) 11(1) 
C(15) 206(1) 141(1) 77(1) -3(1) 24(1) 22(1) C(16) 118(1) 95(1) 91(1) 20(1) 7(1) 9(1) 
C(17) 107(1) 207(1) 143(1) 36(1) -6(1) -14(1) C(18) 116(1) 116(1) 59(1) -8(1) 7(1) -13(1) 
C(19) 158(1) 201(1) 52(1) 5(1) 18(1) -9(1) C(20) 89(1) 122(1) 88(1) -23(1) -13(1) 19(1) 
C(21) 116(1) 144(1) 119(1) 5(1) -10(1) 14(1) 
( w - C 3 H 7 ) 4 N t C 0 2 - 3 ( N H 2 ) 2 C S H 2 0 ( 2 . 2 . 1 2 ) 
S(1) 48(1) 47(1) 92(1) -3(1) -2(1) -18(1) C(1) 47(1) 47(1) 48(1) 0(1) -2(1) -5(1) 
N(1) 47(1) 54(1) 104(1) 4(1) 6(1) -23(1) N(2) 49(1) 52(1) 75(1) -1(1) -1(1) -15(1) 
S(2) 46(1) 53(1) 61(1) -2(1) 0(1) -5(1) C(2) 48(1) 41(1) 54(1) 0(1) -7(1) 12(1) 
N(3) 46(1) 90(1) 68(1) 5(1) -10(1) -19(1) N(4) 47(1) 69(1) 54(1) -2(1) 1(1) -7(1) 
S(3) 88(1) 127(1) 134(1) -16(1) -12(1) >40(1) C(3) 108(1) 99(1) 55(1) -51(1) -18(1) -2(1) 
N(5) 108(1) 113(1) 101(1) -22(1) -23(1) -25(1) N(6) 111(1) 113(1) 109(1) -11(1) 40(1) -19(1) 
C(4) 89(1) 64(1) 61(1) 4(1) -16(1) -20(1) 0(1) 103(1) 113(1) 76(1) 12(1) -13(1) -10(1) 
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Appendix 
0(2) 104(1) 119(1) 86(1) >4(1) -17(1) -33(1) 0(1W) 131(1) 146(1) 133(1) 16(1) 22(1) 6(1) 
N(7) 52(1) 45(1) 44(1) 0(1) 0(1) -5(1) C(5) 61(1) 47(1) 58(1) 3(1) 2(1) -6(1) 
C(6) 75(1) 77(1) 69(1) 15(1) -6(1) 14(1) C(7) 92(1) 73(1) 120(1) 11(1) -6(1) 29(1) 
C(8) 51(1) 71(1) 55(1) 4(1) 5(1) -5(1) C(9) 70(1) 89(1) 77(1) -21(1) 12(1) -1(1) 
C(10) 72(1) 158(1) 81(1) -16(1) 10(1) 12(1) C(11) 58(1) 48(1) 59(1) -5(1) -1(1) -8(1) 
C(12) 73(1) 81(1) 91(1) -18(1) 16(1) -12(1) C(13) 94(1) 101(1) 109(1) ^2(1) 11(1) -5(1) 
C(14) 65(1) 55(1) 49(1) 1(1) -5(1) -2(1) C(15) 90(1) 81(1) 82(1) 19(1) -15(1) 6(1) 
C(16) 107(1) 101(1) 96(1) 15(1) -29(1) 22(1) 
(«-C3H7)4N+�(HC02)2H]�2(NH2)2CS(2.2.13) 
S(1) 80(1) 83(1) 89(1) 2(1) -9(1) 3(1) C(1) 59(1) 85(1) 86(1) 14(1) 17(1) 4(1) 
N(1) 100(1) 89(1) 83(1) -6(1) 4(1) 10(1) N(2) 111(1) 90(1) 79(1) 5(1) -6(1) -3(1) 
S(2) 88(1) 86(1) 98(1) 8(1) 26(1) 9(1) C(2) 65(1) 71(1) 89(1) -11(1) -12(1) 4(1) 
N(3) 123(1) 85(1) 79(1) -3(1) 13(1) -7(1) N(4) 100(1) 92(1) 83(1) 6(1) 5(1) 5(1) 
C(3) 84(1) 301(1) 121(1) -8(1) 2(1) -37(1) 0(1) 152(1) 394(1) 100(1) -17(1) -7(1) 53(1) 
0(2) 157(1) 285(1) 93(1) 40(1) -13(1) -15(1) C(4) 156(1) 208(1) 92(1) 58(1) -5(1) 14(1) 
0(3) 209(1) 279(1) 87(1) 82(1) 14(1) 40(1) 0(4) 186(1) 251(1) 79(1) 9(1) -19(1) 1(1) 
N(5) 45(1) 82(1) 78(1) 5(1) 0(1) 2(1) C(5) 47(1) 81(1) 92(1) -6(1) -7(1) 1(1) 
C(6) 64(1) 121(1) 129(1) -1(1) -11(1) -28(1) C(7) 87(1) 112(1) 123(1) -10(1) 0(1) -25(1) 
C(8) 92(1) 161(1) 160(1) -2(1) -12(1) 48(1) C(9) 55(1) 88(1) 107(1) 8(1) -7(1) 16(1) 
C(10) 81(1) 131(1) 128(1) -6(1) -20(1) 46(1) C(11) 120(1) 185(1) 128(1) 40(1) -23(1) 42(1) 
C(12) 125(1) 270(1) 141(1) -15(1) 4(1) 73(1) C(13) 59(1) 77(1) 90(1) >4(1) 2(1) 1(1) 
C(14) 76(1) 99(1) 114(1) -1(1) 0(1) -8(1) C(15) 101(1) 120(1) 117(1) 2(1) -2(1) -29(1) 
C(16) 150(1) 168(1) 153(1) -10(1) -5(1) ^8(1) C(17) 53(1) 105(1) 85(1) -13(1) 8(1) >4(1) 
C(18) 95(1) 138(1) 107(1) -36(1) 1(1) 15(1) C(19) 149(1) 138(1) 120(1) 42(1) 25(1) 27(1) 
C(20) 199(1) 223(1) 151(1) -51(1) 51(1) 11(1) 
Atom X y z U Atom x y z U 
(C2Hs)4N^C02-O^H2)2CS-H20(2.2.10)(2.2.10) 
H(lA) 398 4229 4643 80 H(lB) 149 3312 4535 80 
H(2A) -522 2981 6953 80 H(2B) -381 2584 5890 80 
H(2C) 113 1301 3653 80 H(lWA) -1093 -358 5279 80 
H(lWB) -1011 569 5259 80 H(3A) 7037 3199 1874 100 
H(3B) 6972 4111 1699 100 H(4A) 6344 3470 77 120 
H(4B) 4644 3038 439 120 H(4C) 4578 3958 262 120 
H(5A) 2614 4429 2507 100 H(5B) 2855 4336 1353 100 
H(6A) 3608 5631 1912 120 H(6B) 5144 5292 2806 120 
H(6C) 5387 5198 1641 120 H(7A) 6750 4272 3424 100 
H(7B) 6760 3358 3561 100 H(8A) 5679 3957 4966 120 
H(8B) 4067 4366 4178 120 H(8C) 4077 3442 4317 120 
H(9A) 2806 3002 1612 100 H(9B) 2790 3081 2797 100 
H(lOA) 3714 1785 2475 120 H(lOB) 5385 2144 2000 120 
H(lOC) 5369 2224 3196 120 
2(C2Hs)4N^CO2-20VH2)2CSHCO2H(2.2.11) 
H(lA) 3944 89 5721 80 H(lB) 3997 47 6614 80 
H(2A) 2776 1123 7025 80 H(2B) 3320 658 7367 80 
H(3A) 3523 669 4290 80 H(3B) 3489 838 3397 80 
H(4A) 4709 9 3006 80 H(4B) 4170 445 2642 80 
H(3C) 3043 1215 1451 80 H(4C) 4438 -352 8580 80 
H(6A) 2775 7947 3121 120 H(6B) 2176 7867 3027 120 
H(7A) 2590 7028 1860 150 H(7B) 2880 5444 2305 150 
H(7C) 2277 5363 2210 150 H(8A) 2999 4011 3359 120 
H(8B) 2917 3886 4242 120 H(9A) 3726 5052 3999 150 
H(9B) 3456 6638 3527 150 H(9C) 3374 6511 4418 150 
H(iOA) 2018 7703 4264 120 H(lOB) 2609 7867 4445 120 
H(iiA) 2186 6636 5599 150 H(llB) 1982 5008 5081 150 
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(i)8t^ (i)86n (e)eze8 (e)6s6s (e)o (\)ZL (z)i6L (t7)t^gg8 ii)szss iz)o (l)8^ (I)8W)l7 (i)pgZ9 (e)6t^K ([)N (l)ig (l)06ee (i)LLZL iZ)LPH (I)N 
(i)ii7 (i)6z,6e (e)t^6w (e)s36e (i)o (i)rs (i)96st^ (itos (i)n9Z (i)s 
(s^^z)S3�H^0z•-[H�O3¾3)�+Mt(‘H¾-«) 
(l)rSI ([)0L98 (L)Z699 ([)6lOl7 (H)3 (l)eOl (z)iLl6 (g)886t7 (z)06Li (ei)0 (l)80l (r)88lOl (9)SLP9 iZ)SiPP (Zl)0 
(I)S8 (z)9086 (s)2KL (z)iiop (ii)o (i)goi iz)i9m (9>Kg9 (z)nzi (0I)3 (l>8 (r)6ZOOl (9)l9P^ ([)90K (6)3 (l)lll ([)A988 i9)LPP9 iZ)9Z^Z (8)3 
(lk6 (Z)38l6 (9)goeZ, (Z)i9Zi (L)D (l)6S (l)LPS6 (p)99Z9 (l)ir9e (6)N (l)ll (l)S699 (t7)W)L (l)W9 (Z)0 (l)l6 (l)8ee9 (s)ggZ, (l)[68S (l)0 
(l)l9 (Z)ZU9 (5)llt' (r)8ir9 (9)0 (l)l6 (Z)9LZL (g)t7lt- (r)60T9 (g)D (l)ZL (r)i9r8 (p)99p9 (t)t7Z,l5 (8)N (l)U (z)9m (t^)pL69 (l)9S6S (OR 
(I)t^s： ([)0ZJ8 (t7)8OlS: (l)ll9S (P)D (l)09 (l)t^ZLL (l)e^ge (l)90LS (P)S (l)Z8 (Z)P£PL (t^)9e5e (l)^e89 (9)N (l)69 (z)l6SL (tOlHt^ (l)gi9Z. (g)M 
(i)is (z)iou (t7)z,ei7t7 (i)s8u (e)o (1)99 (i)ggi8 (z)ez6s (i)tLOL (e)s (l)OZ. (I)H9S (t^)H7H i\)Z\rQL (p)K (I)6S (l)igrs ii)9ZZl (l)i9Z9 (£)N 
(l)es (r)9HS (i7)96H il)P0L9 (Z)D (l)g9 (l)6m (z)iL9l (I)9Z89 (z)S (1)e9 (i)8ue (p)p0fr (i)ot78s (r)N (i)ez, (i)68K (t^)g88- (i)ggos (i)N 
(l)es (Z)iSLi (t^)oe- (l)L6iS (l)0 (l)L9 (l)PZZP (Z)Lm (l)98rg (l)S 
(trrz)SiD�HhOfr-W3^3+M’(^[D) ^ Z ^ X uioiy ^ Z X X mojv 
LVZ'Z-fVZ'l JO Qoi X 3Y) s^j9puiBJBd iBuusqj puB ‘01 X) S9jeuTpjooo oiuioiv ST-V aiQBX 
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Appendix 
C(2) 2501(5) 2454(3) 6070(4) 84(1) C(3) 2491(4) 1969(2) 4599(3) 56(1) 
a s.o.f. for C(17)-C(18') are 0.5. 
0(1) 1217(3) 1789(2) 4029(3) 98(1) 0(2) 3786(3) 1788(2) 4027(3) 98(1) 
N(3) 7502(3) 1222(1) 6088(3) 53(1) C(4) 6054(4) 1122(3) 7055(4) 84(1) 
C(5) 8948(4) 1123(3) 7054(4) 84(1) C(6) 7497(7) 615(3) 4854(6) 113(2) 
C(7) 7490(5) 2042(2) 5404(5) 76(1) 
Atom Uu U22 U33 Un U^ U23 Atom Uu U22 U33 Uu U � U23 
(C2Hs)4N+CH3CO2 4(NH2)2CS (2.2.14) 
S(1) 58(1) 82(1) 63(1) 9(1) 16(1) -2(1) C(1) 45(1) 73(1) 43(1) 2(1) 11(1) 10(1) 
N(1) 41(1) 96(1) 82(1) -2(1) 10(1) -18(1) N(2) 41(1) 82(1) 67(1) 0(1) 10(1) -11(1) 
S(2) 60(1) 76(1) 60(1) -7(1) 10(1) -8(1) C(2) 61(1) 37(1) 61(1) 0(1) 3(1) 1(1) 
N(3) 65(1) 59(1) 53(1) -7(1) 5(1) -1(1) N(4) 64(1) 82(1) 62(1) 0(1) -1(1) 5(1) 
S(3) 50(1) 77(1) 74(1) -11(1) 19(1) -10(1) C(3) 48(1) 69(1) 55(1) -1(1) 10(1) 8(1) 
N(5) 48(1) 85(1) 77(1) -5(1) 14(1) -16(1) N(6) 49(1) 96(1) 101(1) -11(1) 11(1) -39(1) 
S(4) 44(1) 69(1) 67(1) 1(1) 12(1) 0(1) C(4) 41(1) 69(1) 51(1) 0(1) 7(1) 12(1) 
N(7) 45(1) 85(1) 85(1) 0(1) 11(1) -18(1) N(8) 44(1) 94(1) 79(1) 2(1) 13(1) -18(1) 
C(5) 84(1) 108(1) 89(1) 14(1) 35(1) 7(1) C(6) 64(1) 68(1) 56(1) -1(1) 19(1) -18(1) 
0(1) 40(1) 185(1) 66(1) -9(1) 4(1) 17(1) 0(2) 37(1) 109(1) 69(1) -3(1) 11(1) -9(1) 
N(9) 81(1) 44(1) 58(1) -1(1) 27(1) 3(1) C(7) 115(1) 97(1) 81(1) 0(1) 22(1) 22(1) 
C(8) 99(1) 152(1) 83(1) 0(1) 12(1) 9(1) C(9) 99(1) 79(1) 80(1) 4(1) 29(1) 21(1) 
C(10) 123(1) 123(1) 81(1) -7(1) 53(1) -7(1) C(11) 112(1) 66(1) 85(1) -15(1) 39(1) -9(1) 
C(12) 90(1) 129(1) 104(1) 3(1) 14(1) -12(1) C(13) 112(1) 83(1) 122(1) -9(1) 45(1) -37(1) 
C(14) 136(1) 219(1) 121(1) -57(1) 85(1) -80(1) 
(«-C3H7)4N+[(CH3C02)2H��2(NH2)2CS (2.2.15) 
S(1) 46(1) 67(1) 44(1) 0(1) 6(1) 8(1) C(1) 45(1) 37(1) 40(1) -1(1) -1(1) 4(1) 
N(1) 46(1) 61(1) 46(1) 0(1) -1(1) 12(1) N(2) 43(1) 73(2) 57(1) 2(1) 8(1) 20(1) 
C(2) 61(2) 101(2) 53(2) -3(2) 0(1) 9(2) C(3) 44(2) 53(2) 47(1) -2(1) 5(1) -3(1) 
0(1) 39(1) 103(2) 45(1) 5(1) 3(1) -6(1) 0(2) 40(1) 84(1) 52(1) 3(1) 6(1) 4(1) 
N(3) 46(2) 35(1) 41(2) 0 6(1) 0 C(4) 48(2) 41(1) 54(2) 6(1) 7(1) -5(1) 
C(5) 62(2) 69(2) 82(2) 0(2) 27(2) -1(2) C(6) 65(2) 105(3) 89(3) 9(2) 26(2) -21(2) 
C(7) 53(2) 38(1) 44(1) -3(1) -1(1) -3(1) C(8) 82(2) 55(2) 63(2) -5(2) -17(2) 7(1) 
C(9) 136(3) 73(2) 77(2) -8(2) -50(2) 0(2) 
(w-C4H9)4N+[(CH3C02)2H].2(NH2)2CS(2.2.16) 
S(1) 44(1) 53(1) 107(1) 2(1) 4(1) 32(1) C(1) 41(1) 46(1) 49(1) 9(1) 5(1) 5(1) 
N(1) 43(1) 55(1) 96(1) 1(1) 3(1) 29(1) N(2) 40(1) 51(1) 97(1) 2(1) 10(1) 23(1) 
S(2) 57(1) 43(1) 108(1) 1(1) 5(1) 7(1) C(2) 62(1) 47(1) 50(1) 5(1) 5(1) 5(1) 
N(3) 63(1) 44(1) 107(1) -2(1) 7(1) 12(1) N(4) 65(1) 45(1) 86(1) 8(1) 0(1) 9(1) 
C(3) 125(1) 67(1) 115(1) -5(1) -36(1) 23(1) C(4) 81(1) 67(1) 52(1) -2(1) -5(1) 21(1) 
0(1) 101(1) 69(1) 104(1) -10(1) -27(1) 25(1) 0(2) 78(1) 51(1) 104(1) -1(1) -3(1) 17(1) 
C(5) 172(1) 76(1) 107(1) -6(1) 13(1) 30(1) C(6) 98(1) 71(1) 73(1) 11(1) 2(1) 21(1) 
0(3) 161(1) 48(1) 152(1) -8(1) 16(1) 15(1) 0(4) 110(1) 65(1) 131(1) 1(1) 15(1) 32(1) 
N(5) 53(1) 68(1) 44(1) 5(1) 10(1) 11(1) C(7) 60(1) 78(1) 42(1) 8(1) 3(1) 0(1) 
C(8) 75(1) 74(1) 67(1) -8(1) 9(1) 4(1) C(9) 119(1) 91(1) 76(1) -12(1) 2(1) -1(1) 
C(10) 48(1) 77(1) 101(1) -19(1) 3(1) -6(1) C(11) 59(1) 67(1) 46(1) 2(1) 4(1) 11(1) 
C(12) 53(1) 114(1) 72(1) 7(1) 7(1) 23(1) C(13) 74(1) 103(1) 77(1) 19(1) 2(1) 19(1) 
C(14) 83(1) 117(1) 115(1) 24(1) -1(1) 24(1) C(15) 71(1) 72(1) 55(1) 12(1) 19(1) 14(1) 
C(16) 88(1) 115(1) 94(1) 37(1) 33(1) 39(1) C(19) 73(1) 70(1) 52(1) 1(1) 11(1) 19(1) 
C(20) 101(1) 87(1) 75(1) -13(1) 24(1) 25(1) C(21) 169(1) 91(1) 93(1) -35(1) 16(1) 20(1) 
C(22) 211(1) 104(1) 130(1) -36(1) 36(1) 31(1) 
(CH3)4N^CH3CO2MNH2)2CS (2.2.17) 
S ( 1 ) 44(1) 7 9 ( 1 ) 5 7 ( 1 ) 0 ( 1 ) 1 ( 1 ) -21(1) C ( 1 ) 4 5 ( 1 ) 4 1 ( 1 ) 5 0 ( 2 ) - 1 ( 1 ) 1 ( 1 ) 3 ( 1 ) 
N(1) 41(1) 57(2) 65(1) 1(1) 3(1) -17(1) N(2) 43(1) 57(2) 64(1) -2(1) -1(1) -16(1) 
C(2) 78(2) 98(3) 75(2) -2(2) 2(2) -30(2) C(3) 55(2) 64(2) 49(2) 0(1) 0(1) -3(1) 
229 
Appendix 
O 0 ) 57(2) 157(3) 79(2) -7(2) 5(1) -54(2) 0(2) 58(2) 158(3) 79(2) 8(2) 4(1) -54(2： 
N(3) 57(1) 52(1) 49(1) 0(1) 0(1) 7(1) C(4) 68(2) 102(3) 82(2) -3(2) 13(2) 31(2： 
C(5) 66(2) 104(3) 82(2) 3(2) -10(2) 31(2) C(6) 117(3) 96(3) 125(4) -2(3) 2(3) -51(3： 
C(7) 78(2) 67(2) 85(2) 1(2) 4(2) 20(2) 
Atom X y z U Atom x y z U 
(C2Hs)4N+CH3CO2 4OVH2)2CS (2.2.14) 
H(lA) 4753 >669 3520 80 H(lB) 5124 -1685 3258 80 
H(2A) 6083 154 3910 80 H(2B) 5894 -1214 3482 80 
H(3A) 6022 1203 4947 80 H(3B) 6205 1133 5624 80 
H(4A) 7344 1574 5565 80 H(4B) 6967 1347 5980 80 
H(5A) 7859 4739 7758 80 H(5B) 7664 3341 7348 80 
H(6A) 6537 3718 7492 80 H(6B) 6897 2746 7193 80 
H(7A) 6256 5763 8402 80 H(7B) 5893 6778 8679 80 
H(8A) 4927 4893 8085 80 H(8B) 5127 6281 8498 80 
H(5C) 5774 -560 7245 80 H(5D) 6263 -1426 7312 80 
H(5E) 6220 214 7618 80 H(7C) 3419 7836 8895 80 
H(7D) 3170 8097 9441 80 H(8C) 2625 7227 8652 80 
H(8D) 2914 5674 8597 80 H(8E) 2662 5938 9149 80 
H(9A) 3635 4785 10255 80 H(9B) 3155 4805 9837 80 
H(lOA) 3074 5958 10737 80 H(lOB) 3464 7198 10653 80 
H(lOC) 2979 7218 10230 80 H(llA) 3917 8142 10033 80 
H(llB) 4154 7810 9483 80 H(12A) 4679 7222 10328 80 
H(12B) 4320 6003 10520 80 H(12C) 4560 5666 9962 80 
H(13A) 3530 4306 9029 80 H(13B) 4020 4372 9424 80 
H(14A) 4124 4720 8455 80 H(14B) 3788 6191 8414 80 
H(14C) 4283 6258 8813 80 
(«-C3H7)4N+[(CH3C02)2H��2(NH2)2CS(2.2.15) 
H(lA) 2418 7459 3321 80 H(lB) 4144 7624 3064 80 
H(2A) 5836 5721 4431 80 H(2B) 6100 6624 3707 80 
H(2C) 4747 8720 658 80 H(2D) 6205 7643 549 80 
H(2E) 6435 9437 648 80 H(lC) 7500 8095 2500 80 
H(4A) 879 4181 2494 80 H(4B) 1849 4133 3212 80 
H(5A) 365 2117 3648 100 H(5B) -539 2016 2907 100 
H(6A) -2022 3419 3748 120 H(6B) -635 4597 3844 120 
H(6C) -1544 4495 3098 120 H(7A) 1036 683 2196 80 
H(7B) 2510 758 1715 80 H(8A) 1448 2876 1087 100 
H(8B) "43 2769 1564 100 H(9A) 499 1514 458 120 
H(9B) 936 428 620 120 H(9C) -566 319 1101 120 
(«-C4H9)4N+[(CH3C02)2H� -2(NH2)2C:S (2.2.16) 
H(lA) 384 1001 4623 80 H(lB) 1416 2224 4529 80 
H(2A) 4775 1203 4949 80 H(2B) 3950 2336 4712 80 
H(3A) 9834 1284 -31 80 H(3B) 9066 2541 -21 80 
H(4A) 5445 1306 -177 80 H(4B) 6535 2559 -103 80 
H(3C) 1699 6104 4184 80 H(3D) 2868 6396 4959 80 
H(3E) 3465 6331 4094 80 H(2C) 5000 5000 5000 80 
H(5A) 6033 5989 940 80 H(5B) 6732 6878 371 80 
H(5C) 7492 6944 1255 80 H(4C) 10000 5000 0 80 
H(7A) 3894 -3811 -3463 80 H(7B) 2282 -3331 -3523 80 
H(8A) 1492 4531 -2550 80 H(8B) 3107 -5024 -2502 80 
H(9A) 2664 -6036 -3836 100 H(9B) 1048 -5544 -3884 100 
H(lOA) 806 -7664 -3678 120 H(lOB) 1923 -7257 -2887 120 
H(lOC) 297 -6762 -2936 120 H(llA) 4191 -3376 -1586 80 
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(i)A (i)t^r (i)g (T)06 (i)t^g (i)sn (9)o (i)9z: (i)ez (i)ti (i)8z, (i)9S (i)6L (e)N 
(t)09 (i)or ⑴冲(i)sg ⑴口？： {\)VL (t7)0 (l)^8 (l)8l (I)19 (i)6S (i)9ie (i)8S (e)o (i)zx (i)ii (i)re (i)gt^ (i)8H (i)gg (s)D (i)r3 (i)ii (i)ir (i)et^ (i)80i (i)es (t^)o 
(i)re (i)ir (i)ee (1)6t7 (i)zxi (i)8g (e)o (i)z,i (i)8 (t)6i (i)ot/ (i)es (i)6t^ {z)o 
(I)8t^ (1)LI (i)8t7 (i)gs (I)881 (i)LS (r)o (i)rz: (l)lI (i)iz (i)6t7 (1)16 (i)ss (i)o 
(i)L (l)e (l)9Z (l)ll7 (1)8乙（l)09 (r)N (l)Ol (l)S (l)ZZ ⑴冲(T)e8 (l)9S (i)N 
(l)si (l)s (l)l7l (l)0t7 (l)OS (1)39 (l)0 (I)8 (l)9- (l)3t7 (l)£t7 (l)OOl (l)6A (l)S (6i rz) S3K¾^0.,O¾’3HX('H3) 
(T)gr- (i)LL (i)sr- (i)osi (i)i8i (i)z,ir (oz)o 
(l)r9- (l)OZ: (l)LZ- (l)6L (l)e6l (l)3ei (6l)0 (l)n- (l)Ll (l)OZ' (l)l8 (l)eOl (l)t^OI (8T)0 (l)e- (l)gi (l)P- {\)ZL (l)S9 (l)9g {L\)0 {\)n (l)K (I)8 (l)Z.Sl (T)9Z, il)iLl (9l)0 
(i)oz: (i)z- (i)z- (i)oei (i)t^A (i)zzi (si)o (i)re (t)oi (i)6 (1)901 (i)iz, (i)6z, (t^Oo (I)n (l)z: (l)8 (l)l8 (l)09 il)Z9 (ei)0 (l)se (I)H7 (l)z,l- (l)99i (l)68 (I)8H (n)o 
(l)8l (l)Zi (l)8- (I)OW (t)lZ. (1)/.8 (ll)3 (l)ll (I)81 (l)l- (l)eil (l)K il)lL (0l)0 (l)l (I)n (I)0I- (l)r6 (l)99 (l)OS (6)0 (l)e- (l)9i (l)l (l)l6 (l)69 (l)lZI (8)0 
(l)0 (l)ZZ (l)S (I)l9 il)SL (l)t6 (L)D (l)£ (l)t7[ (t)e (l)6Z, (l)08 (l)U (9)0 
(l)e (l)t^ (l)r- (l)L9 (l)9 (l)H7 (g)3 (l)t^ (l)9 (I)£ (l)9L (Ot^g (l)8e (5)N (l)e- (l)I9 (l)Ol- (I)69 (l)oe (l)LSl (t^)o (l)Z (l)9l7 (1)1 (l)St7 (i)££ (i)eH (e)o 
(i)zr (i)6e (i)i7- (i)6t7 (i)ge (i)eei (r)o (i)i- (i)ZL (i)6- (Ow (i)re (i)s6i (i)o 
(i)p (i)6i (i)i (i)9t7 (i)ie (i)g8 (p)D (i)e (i)gi (1)9 (i)6£ (i)oe (i)i8 (e)o 
(l)l (l)9r (l)Z- (l)Z9 (l)K (l)Zl (P)N. (l)0 (I)K (l)Z- (l)LP (l)S£ (l)£ll (e)N 
(l)Z- (I)01 (I)9- (l)Ot^ (l)se (I)6l7 (z)D (l)Zl- (l)8t7 (l)g- (l)£9 (l)5p (l)6Zl (Z)S 
(l)9- (l)5r (I)Zr (l)9t^ (t)ei7 (l)lOl (Z)K (l)p- (l)9t^ (l)L' (l)6S (l)8e (l)m (l)N 
(I)t7 (I)H (l)9 (l)LP (l)L£ (I)09 (l)0 (l)l" (l)er (l)S (l)lS (l)9e (l)06 (l)S 
(8rrZ)S3�HK[)Z.-’09H+M�H’3-") 
�n  % 〜 “n 明 II" uio;y ^ ^^n ^^n ^n ^ "/^ mo^y 
([)88 (r)SSt^l (9)9L9i- (r)oeit7 (z,l)0 (I)09 (Z)6Pll (t^)l6K- (r)909e (9l)0 (l)9p (Z)L91Z (i)Z9ii- (Z)Z90i (5l)D (l)99 (z)liPP (t')9t^8" (Z)eiOt7 (t^l)0 
(i)8^ (r)698e (i)zioz- {z)Li9i (ei)o (i)rt7 (z)mi (e)e8ii- (r)8ooe (zi)o (l)Li OOSZ (i)L9ZZ- oosr (t')N (l)U (Z)L999 (l7)t^8Sl (Z)C6lt^ (u)0 
(l)l9 (r)8089 (P)0ZSZ iz)i99i (0l)0 (1)计 (r)£8tZ. (e)t^l0r (z)990i (6)0 (z)£6 (z)oi99 (g)ee9t^ (e)t^soi (8)3 (i)09 (r)ot7i9 (tOzoK ([)68H (Do 
(\)9P (i)o989 (i)zm (z)uoz (9)3 (i)8e oogz, (e)eiie oos[ (e)N (1)丄8 (l)8m (i)6iL (t)e68Z. (M3)0 (l)pL (l)r09e (i)LZ9Z (l)ig99 (Ml)0 
(l)^9 (l)999l (i)96ZZ (l)8Z,ie (t7)0 (l)8S (l)0it7 (£)9691 (I)lOZZ (£)0 
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C(7) 94(1) 133(1) 105(1) 24(1) 45(1) 26(1) C(8) 147(1) 180(1) 141(1) 39(1) -32(1) 76(1) 
C(9) 94(1) 56(1) 71(1) 14(1) 6(1) 30(1) 
[(C2H5)4N]2^ C4H2O4^  2(NH2)2CS (2.2.20) 
S(1) 53(1) 60(1) 66(1) -12(1) 11(1) 12(1) C(1) 42(1) 52(2) 39(1) -5(1) 4(1) -2(1) 
N(1) 44(1) 59(1) 60(1) -2(1) 14(1) 11(1) N(2) 50(1) 55(2) 98(2) 4(1) 24(1) 8(1) 
C(2) 64(1) 76(2) 57(2) 0(2) 14(1) 8(2) C(3) 65(2) 49(2) 47(1) -10(1) 10(1) 6(1) 
0(1) 50(1) 68(1) 98(2) -5(1) 20(1) 8(1) 0(2) 59(1) 58(1) 129(2) -2(1) 6(1) 19(1) 
N(3) 49(1) 65(1) 41(1) 0(1) 7(1) 8(1) C(4) 51(2) 74(2) 57(2) 3(1) 1(1) 11(1) 
C(5) 56(2) 132(3) 90(3) 0(2) 19(2) 20(2) C(6) 58(2) 78(2) 60(2) 5(1) 4(1) 23(2) 
C(7) 96(3) 67(2) 95(3) 6(2) 1(2) 22(2) C(8) 68(2) 76(2) 51(2) 0(1) 22(1) 5(1) 
C(9) 69(2) 143(4) 96(3) -1(2) 36(2) 10(3) C(10) 68(2) 81(2) 50(2) -8(2) 12(1) -6(1) 
C(11) 95(2) 74(2) 84(2) -5(2) 25(2) -11(2) 
(wC3H7)4N^C4H2O4-20VH2)2CS-2H2O(2.2.21) 
S(1) 38(1) 56(1) 56(1) -6(1) 15(1) -3(1) C(1) 36(1) 31(1) 44(2) 3(1) 9(1) 4(1) 
N(1) 46(1) 51(1) 40(1) -13(1) 11(1) -1(1) N(2) 48(1) 65(2) 40(1) -13(1) 13(1) -5(1) 0(1) 36(1) 102(2) 81(2) -2(1) 17(1) -39(1) 0(2) 40(1) 117(2) 62(1) 5(1) -1(1) 1(1) 
C(2) 38(2) 47(2) 60(2) 3(1) 9(1) 6(1) C(3) 39(1) 50(2) 48(2) 0(1) 12(1) 3(1) 
C(4) 39(1) 46(2) 45(2) -1(1) 14(1) -2(1) C(5) 36(1) 45(2) 47(2) 4(1) 13(1) ^(1) 0(3) 36(1) 85(2) 50(1) 3(1) 6(1) -15(1) 0(4) 45(1) 107(2) 46(1) -3(1) 18(1) -20(1) 
0(1W) 55(1) 87(2) 79(1) 22(1) 13(1) 4(1) 0(2W) 39(1) 114(2) 109(2) 12(1) 19(1) 67(2) 
N(3) 39(2) 34(2) 39(2) 0 8(1) 0 C(6) 48(2) 41(2) 43(1) 9(1) 4(1) 4(1) 
C(7) 60(2) 61(2) 50(2) 12(2) 4(1) -7(2) C(8) 105(3) 95(3) 59(2) 23(2) -19(2) -3(2) 
C(9) 41(1) 42(2) 49(2) 4(1) 15(1) 0(1) C(10) 56(2) 61(2) 74(2) -1(2) 33(2) 7(2) 
C(11) 62(2) 73(2) 90(2) -2(2) 42(2) -1(2) N(4) 39(2) 27(2) 46(2) 0 10(1) 0 
C(12) 41(1) 31(1) 52(2) -2(1) 6(1) -7(1) C(13) 54(2) 50(2) 65(2) 4(1) 4(2) -2(2) 
C(14) 58(2) 71(2) 58(2) 8(2) -3(2) -11(2) C(15) 52(2) 36(1) 50(2) 6(1) 17(1) 4(1) 
C(16) 58(2) 59(2) 72(2) 2(2) 31(2) 1(2) C(17) 88(3) 97(3) 94(3) 14(2) 48(2) -9(2) 
Atom X y z U Atom x y z U 
(w-C4H9)4N"^C2O4_-20VH2)2CS(2.2.18) 
H(lA) 4741 3809 4759 80 H(lB) 4819 2757 4403 80 
H(2A) 5773 4851 3677 80 H(2B) 5423 3363 3774 80 
H(3A) 6152 1098 3150 80 H(3B) 6497 -315 2979 80 
H(4A) 5966 -2033 3832 80 H(4B) 6395 -2158 3377 80 
H(5A) 12712 9226 4191 80 H(5B) 12705 7783 4371 80 
H(6A) 10548 8309 4686 80 H(6B) 10582 9765 4511 80 
H(7A) 13074 8749 5037 80 H(7B) 11798 9485 5235 80 
H(8A) 13777 10954 5184 80 H(8B) 13605 10706 4698 80 
H(8C) 12316 11451 4898 80 H(9A) 9419 6694 3691 80 
H(9B) 9268 7342 4125 80 H(lOA) 11195 5988 4442 80 
H(lOB) 11417 5370 4006 80 H(llA) 9044 4432 3960 80 
H(llB) 8719 5134 4373 80 H(12A) 9319 2893 4511 80 
H(12B) 10874 3130 4338 80 H(12C) 10548 3836 4754 80 
H(13A) 9391 9480 3845 80 H(13B) 9582 8933 3401 80 
H(14A) 11726 10250 3387 80 H(14B) 11550 10791 3834 80 
H(15A) 9314 11785 3575 80 H(15B) 9473 11231 3128 80 
H(16A) 10236 13511 3169 80 H(16B) 11441 13126 3552 80 
H(16C) 11602 12570 3103 80 H(17A) 12795 6869 3713 80 
H(17B) 12846 8286 3518 80 H(18A) 10970 7688 2991 80 
H(18B) 10792 6290 3198 80 H(19A) 13376 5858 3106 80 
H(19B) 13356 7159 2839 80 H(20A) 13084 5361 2421 80 
H(20B) 11663 4976 2641 80 H(20C) 11643 6287 2372 80 
(CH3)4N^C4H204MNH2)2CS (2.2.19) 
H(lA) 8010 3789 4221 80 H(lB) 7350 3027 3132 80 
H(2A) 11866 1712 2501 80 H(2B) 9545 1836 2148 80 
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H(3A) 5461 2651 -203 80 H(4A) 1880 2281 814 80 
H(3B) -1148 2316 -2 80 
[(C2Hs)4N]2^ C4H204' -2p^ H2)2CS (2.2.20) 
H(lA) 1294 11233 1 80 H(lB) 1405 9628 317 80 
H(2A) 4164 9010 38 80 H(2B) 3036 8360 337 80 
H(4A) 6521 4967 8645 80 H(4B) 6494 6634 8672 80 
H(5A) 7992 5905 7935 80 H(5B) 7028 5065 7199 80 
H(5C) 7000 6751 7225 80 H(6A) 3789 7112 6971 80 
H(6B) 5065 7197 6753 80 H(7A) 4624 9358 7371 80 
H(7B) 4435 8557 8273 80 H(7C) 5726 8644 8052 80 
H(8A) 4580 6465 9032 80 H(8B) 4599 4804 8944 80 
H(9A) 2654 5564 8877 80 H(9B) 2728 6531 8013 80 
H(9C) 2747 4851 7924 80 H(lOA) 5123 4676 6648 80 
H(lOB) 3845 4584 6862 80 H(llA) 4768 2347 7070 80 
H(llB) 5838 3004 7813 80 H(llC) 4545 2911 8029 80 
(wC3H7)4N^C4H2O4-20VH2)2CS-2H2O(2.2.21) 
H(lA) 3558 2889 2821 80 H(lB) 3011 2535 3392 80 
H(2A) 4211 4123 4995 80 H(2B) 3382 3244 4637 80 
H(lC) 6154 915 696 50 H(3A) 4725 2190 2017 80 
H(4A) 4189 1037 482 80 H(lWA) 6207 3062 3644 50 
H(lWB) 6529 2362 3120 50 H(2WA) 7508 1330 4184 50 
H(2WB) 7834 -26 4749 50 H(6A) 2383 4929 6699 80 
H(6B) 1655 4854 7084 80 H(7A) 1088 2726 6281 80 
H(7B) 1831 2745 5907 80 H(8A) 721 4138 5103 80 
H(8B) 715 5280 5811 80 H(8C) 1462 5299 5435 80 
H(9A) 2718 1318 6797 80 H(9B) 3357 1349 7606 80 
H(lOA) 3997 3550 7178 80 H(lOB) 3375 3423 6356 80 
H(llA) 4583 2090 6321 80 H(llB) 4480 991 7013 80 
H(llC) 3854 863 6185 80 H(12A) 2648 ^43 3306 80 
H(12B) 3373 -564 2919 80 H(13A) 3879 -2782 3703 80 
H(13B) 3158 -2626 4100 80 H(14A) 4329 -1417 4889 80 
H(14B) 4376 -262 4197 80 H(14C) 3650 -105 4597 80 
H(15A) 2708 4073 1799 80 H(15B) 3382 -3990 2586 80 
H(16A) 3952 -1755 2107 80 H(16B) 3285 -1887 1312 80 
H(17A) 4487 -3131 1195 80 H(17B) 4452 4270 1895 80 
H(17C) 3781 4403 ^ ^ 
Table A-2.7 Atomic coordinates (x 1 0 � a n d thermal parameters* {R x 10 )^ of 2.2.22^2.2.24 
Atom X y z t4q Atom x y z C4q 
(#f-C4H9)3(CH3)^ rHC2O4-0VH2)2CSV«2C2O4(2.2.22)a 
S(1) 3138(1) 5454(1) 8947(3) 54(1) C(1) 3557(3) 5675(1) 9682(4) 45(1) 
N(1) 4218(2) 5671(1) 10251(4) 57(1) N(2) 3207(3) 5858(1) 9687(4) 52(1) 
C(2) 3102(3) 6440(1) 9804(4) 45(1) C(3) 3850(3) 6416(1) 10695(4) 48(1) 
0(1) 2963(2) 6589(1) 8947(4) 71(1) 0(2) 2674(2) 6286(1) 10123(4) 60(1) 
0(3) 4177(2) 6573(1) 11068(4) 66(1) 0(4) 4041(2) 6225(1) 10950(4) 57(1) 
C(4) 4783(3) 5100(1) 9546(4) 55(1) 0(5) 4146(2) 5078(1) 8948(4) 86(1) 
0(6) 5021(2) 5260(1) 10119(4) 93(1) N(3) 4496(2) 6942(1) 6439(4) 56(1) 
C(5) 4117(3) 6985(2) 8082(4) 68(1) C(6) 4022(4) 6984(3) 4928(4) 135(1) 
C(7) 3361(3) 6891(2) 4620(4) 107(1) C(8) 2934(4) 6943(3) 3168(4) 152(1) 
C(9) 2258(4) 6853(3) 2767(4) 160(1) C(10) 4683(4) 6715(2) 6233(4) 127(1) 
C(11) 5242(4) 6609(2) 7183(4) 129(1) C(12) 5413(4) 6402(2) 7221(4) 223(1) 
C(13) 5874(4) 6293(2) 7972(4) 163(1) C(14) 5116(4) 7077(2) 6277(4) 142(1) 
C(15) 5200(4) 7272(2) 6474(4) 145(1) C(16) 5643(4) 7445(3) 5963(4) 106(1) 
C(16,) 6118(4) 7349(4) 6383(4) 151(1) C(17) 6220(4) 7530(3) 6383(4) 241(1) 
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a s.o.f. for C(16) and C(16') are 0.5. “ 
I(C2Hs)3(w-C3H7)N]2^ CO3'--60^ H2)2CS(2.2.23) 
S(1) 6048(1) 7717(1) 4892(1) 57(1) C(1) 6619(3) 6291(3) 4906(2) 46(2) 
N(1) 7697(3) 5683(2) 5038(2) 56(1) N(2) 6012(3) 5771(2) 4747(2) 72(2) 
S(2) 3135(1) 6952(1) 4625(1) 48(1) C(2) 2469(3) 7567(2) 5579(2) 42(2) 
N(3) 1352(2) 7652(2) 6015(2) 52(1) N(4) 3044(2) 7975(2) 5894(2) 54(1) 
S(3) -352(1) 6754(1) 5210(1) 51(1) C(3) -399(3) 7808(3) 4345(2) 39(2) 
N(5) 566(2) 8054(2) 3904(2) 52(1) N(6) -1405(2) 8409(2) 4094(2) 46(1) 
S(4) 3308(1) 10465(1) -516(1) 63(1) C(4) 2159(3) 10531(3) 409(2) 47(2) 
N(7) 1813(3) 9660(2) 766(2) 57(1) N(8) 1585(3) 11453(2) 808(2) 57(1) 
S(5) 3081(1) 7105(1) -62(1) 58(1) C(5) 2528(3) 7661(3) -976(2) 50(2) 
N(9) 2526(3) 8664(2) -1391(2) 58(2) N(10) 2083(3) 7104(2) -1268(2) 67(2) 
S(6) 2142(1) 4023(1) -135(1) 64(1) C(6) 3546(3) 3491(3) 0(2) 51(2) 
N(11) 4038(3) 4150(3) 121(2) 71(2) N(12) 4193(3) 2393(2) 25(2) 59(2) 
C(7) -524(3) 10567(3) 2567(2) 44(2) 0(1) ^74(2) 11565(2) 2300(1) 52(1) 
0(2) -1557(2) 10455(2) 2904(1) 50(1) 0(3) 437(2) 9702(2) 2491(1) 57(1) 
N(13) 470(3) 3722(2) 7912(2) 50(1) C(8) 315(3) 4776(3) 8236(2) 59(2) 
C(9) 423(5) 5746(3) 7535(3) 104(3) C(10) 360(3) 2871(3) 8723(2) 64(2) 
C(11) 450(4) 1748(3) 8561(4) 111(3) C(12) 1682(3) 3291(3) 7271(2) 74(2) 
C(13) 2765(3) 3067(4) 7583(3) 85(2) C(14) ^57(3) 3940(3) 7429(2) 65(2) 
C(15) -1742(4) 4375(3) 7941(3) 76(2) C(16) -2586(4) 4573(4) 7402(3) 108(3) 
N(14) 3535(2) 10435(2) 3010(2) 47(1) C(17) 2168(3) 10836(3) 3359(2) 63(2) 
C(18) 1693(3) 10109(3) 4134(2) 65(2) C(19) 4078(3) 10464(3) 3714(2) 61(2) 
C(20) 5391(4) 10295(3) 3424(3) 79(2) C(21) 3823(4) 11227(3) 2193(2) 71(2) 
C(22) 3502(5) 12424(3) 2344(3) 97(3) C(23) 4048(3) 9246(3) 2787(2) 51(2) 
C(24) 3563(3) 9023(3) 2137(3) 69(2) C(25) 4021(4) 7779(3) 2084(3) 91(3) 
[(CH3)3(C6Hs)N]2 (^C03)2'-ll(NH2)2CS-H20(2.2.24) 
S(1) 3998(2) 5156(1) 4189(1) 91(1) C(1) 4302(2) 6134(2) 4812(2) 67(1) 
N(1) 3837(2) 6726(2) 4780(2) 77(1) N(2) 5027(2) 6293(2) 5333(2) 81(1) 
S(2) 2225(2) 6598(1) 3429(1) 77(1) C(2) 1574(2) 5574(2) 2870(2) 66(1) 
N(3) 1802(2) 4880(2) 2918(2) 75(1) N(4) 761(2) 5428(2) 2380(2) 81(1) 
S(3) -67(2) 7115(1) 2153(1) 74(1) C(3) 381(2) 8075(2) 2795(2) 66(1) 
N(5) 1072(2) 8165(2) 3315(2) 76(1) N(6) 39(2) 8745(2) 2797(2) 78(1) 
S(4) -1533(2) 8894(1) 1568(1) 92(1) C(4) -2119(2) 7911(2) 952(2) 71(1) 
N(7) -2729(2) 7851(2) 433(2) 84(1) N(8) -1953(2) 7194(2) 986(2) 86(1) 
S(5) 4061(2) 9310(1) 351(1) 93(1) C(5) -3246(2) 10380(2) 823(2) 79(1) 
N(9) -2225(2) 10562(2) 1192(2) 109(1) N(10) -3592(2) 11027(2) 800(2) 101(1) 
S(6) 6582(2) 1005(1) 5179(1) 86(1) C(6) 7543(2) 987(2) 4651(2) 53(1) 
N(11) 7404(2) 1285(2) 4190(2) 71(1) N(12) 8464(2) 690(2) 4672(2) 75(1) 
S(7) 8948(1) -220(1) 5728(1) 58(1) C(7) 7590(2) -788(2) 5885(2) 50(1) 
N(13) 6557(2) -711(2) 5704(2) 60(1) N(14) 7579(2) -1323(2) 6202(2) 69(1) 
S(8) 9464(1) 974(1) 3196(1) 74(1) C(8) 9441(2) 1628(2) 2772(2) 61(1) 
N(15) 10311(2) 1821(2) 2450(2) 96(1) N(16) 8560(2) 1971(2) 2752(2) 65(1) 
S(9) 4781(2) 2950(1) 1327(1) 87(1) C(9) 5006(2) 2744(2) 2005(2) 66(1) 
N(17) 4201(2) 2762(2) 2384(2) 96(1) N(18) 5987(2) 2574(2) 2154(2) 78(1) 
S(10) 1077(1) 4961(1) -563(1) 70(1) C(10) 2373(2) 5471(2) -747(2) 54(1) 
N(19) 3451(2) 5419(2) -534(2) 70(1) N(20) 2444(2) 5953(2) -1108(2) 69(1) 
S(11) 3601(1) 4312(1) 476(1) 57(1) C(11) 2360(2) 4092(2) 844(2) 50(1) 
N(21) 1405(2) 4313(2) 735(2) 64(1) N(22) 2350(2) 3686(2) 1255(2) 73(1) 
C(12) 9484(2) 3118(2) 1723(2) 56(1) 0(1) 9574(2) 3699(2) 1464(2) 70(1) 
0(2) 10498(2) 3121(2) 1987(2) 81(1) 0(3) 8456(2) 2593(2) 1722(1) 68(1) 
C(13) 5411(2) 2020(2) 3506(2) 53(1) 0(4) 5485(2) 1833(2) 4011(1) 67(1) 
0(5) 4515(2) 2282(2) 3413(2) 75(1) 0(6) 6178(2) 1955(2) 3139(1) 67(1) 
N(23) 4019(2) 4083(2) 7413(2) 125(1) C(14) 3276(2) 4593(2) 7389(2) 434(1) 
C(15) 3692(2) 4000(2) 7937(2) 247(1) C(16) 5239(2) 4576(2) 7487(2) 149(1) 
C(17) 4478(2) 2976(2) 6481(2) 145(1) C(18) 4113 2171 5976 172(1) 
C(19) 2902 1619 5842 191(1) C(20) 2056 1871 6213 189(1) 
C(21) 2421 2676 6718 174(1) C(22) 3632 3228 6852 88(1) 
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N(24) 5327(2) 9141(2) 2619(2) 159(1) C(23) 5616(2) 9814(2) 2309(2) 213(1) 
C(24) 6509(2) 9100(2) 2907(2) 241(1) C(25) 4536(2) 9357(2) 3110(2) 225(1) 
C(26) 5098(2) 7997(2) 1587(2) 139(1) C(27) 4534 7163 1127 180(1) 
C(28) 3485 6591 1221 157(1) C(29) 3000 6853 1775 165(1) 
C(30) 3564 7688 2234 147(1) C(31) 4613 8260 2140 93(1) 
N(25) 8383(2) 1925(2) 9535(2) 134(1) C(32) 7328(2) 2145(2) 9834(2) 214(1) 
C(33) 9196(2) 1734(2) 9972(2) 275(1) C(34) 9075(2) 2689(2) 9354(2) 152(1) 
C(35) 8303(2) 998(2) 8399(2) 156(1) C(36) 7894 176 7913 210(1) 
C(37) 7114 -548 8013 263(1) C(38) 6742 448 8599 246(1) 
C(39) 7150 375 9085 185(1) C(40) 7931 1098 8985 109(1) 
N(26) 783(2) 3451(2) 5034(2) 274(1) C(41) 1972(2) 3258(2) 4930(2) 188(1) 
C(42) 42(2) 2885(2) 5369(2) 170(1) C(43) 50(2) 3306(2) 4416(2) 408(1) 
C(41A) 1116(2) 2784(2) 5254(2) 321(1) C(42A) 403(2) 3175(2) 4870(2) 234(1) 
C(43A) 1359(2) 3498(2) 4454(2) 214(1) C(44) 2322(2) 4943(2) 5620(2) 285(1) 
C(45) 2722 5773 6099 573(1) C(46) 1978 6007 6544 255(1) 
C(47) 834 5412 6509 450(1) C(48) 434 4582 6030 450(1) 
C(49) 1177 4348 5586 149(1) 0(1W) 0 0 0 240(1) 
Atom Un "22 "33 "12 "13 "23 Atom C/„ U22 "33 "12 "13 "23 
(«-C4H9)3(CH3)?rHC2O4 0VH2)2CSV«2C2O4(2.2.22) 
S(1) 41(1) 47(1) 74(1) -2(1) -15(1) -3(1) C(1) 47(1) 48(1) 39(1) 4(1) -9(1) 0(1) 
N(1) 40(1) 48(1) 84(1) 0(1) -17(1) -14(1) N(2) 47(1) 46(1) 64(1) 4(1) -11(1) >4(1) 
C(2) 26(1) 55(1) 55(1) 3(1) -15(1) -1(1) C(3) 24(1) 66(1) 52(1) 1(1) 4(1) 2(1) 
0(1) 52(1) 60(1) 102(1) -8(1) -31(1) 28(1) 0(2) 34(1) 63(1) 82(1) -10(1) -26(1) 14(1) 
0(3) 47(1) 45(1) 106(1) -9(1) -33(1) 7(1) 0(4) 35(1) 47(1) 88(1) 9(1) -26(1) 4(1) 
C(4) 55(1) 28(1) 81(1) -2(1) -1(1) -3(1) 0(5) 58(1) 58(1) 141(1) 12(1) -32(1) -15(1) 
0(6) 55(1) 48(1) 177(1) 10(1) -29(1) -14(1) N(3) 46(1) 59(1) 63(1) 7(1) 4(1) -11(1) 
C(5) 48(1) 86(1) 69(1) 4(1) >4(1) -1(1) C(6) 82(1) 257(1) 67(1) 8(1) -7(1) -18(1) 
C(7) 61(1) 155(1) 107(1) 13(1) -17(1) -11(1) C(8) 84(1) 280(1) 93(1) 33(1) -33(1) -56(1) 
C(9) 81(1) 279(1) 120(1) 21(1) -32(1) -52(1) C(10) 90(1) 171(1) 119(1) 7(1) 6(1) 1(1) 
C(11) 96(1) 200(1) 92(1) 51(1) 18(1) 36(1) C(12) 377(1) 183(1) 109(1) 246(1) 34(1) 29(1) 
C(13) 241(1) 111(1) 137(1) 83(1) 52(1) 8(1) C(14) 197(1) 103(1) 126(1) -100(1) 87(1) -36(1) 
C(15) 167(1) 162(1) 107(1) -105(1) 6(1) 23(1) 
[(C2Hs)3(w-C3H7)N]2^ CO3'-60VH2)2CS(2.2.23) 
S(1) 41(1) 42(1) 88(1) -15(1) -10(1) -16(1) C(1) 42(2) 45(2) 48(2) -19(2) -3(2) -3(2) 
N(1) 45(2) 45(2) 77(2) -12(1) -22(2) -2(1) N(2) 56(2) 39(2) 136(3) -18(2) ^0(2) -12(2) 
S(2) 44(1) 45(1) 54(1) -10(1) -15(1) -10(1) C(2) 45(2) 35(2) 44(2) -13(2) -17(2) 3(2) 
N(3) 45(2) 66(2) 52(2) -29(2) -5(1) -15(1) N(4) 42(2) 69(2) 58(2) -22(2) -8(1) -22(2) 
S(3) 51(1) 48(1) 58(1) -23(1) -22(1) 6(1) C(3) 41(2) 41(2) 45(2) -18(2) -11(2) -12(2) 
N(5) 44(2) 55(2) 57(2) -21(1) -20(1) 6(1) N(6) 44(2) 50(2) 50(2) -21(1) -19(1) 1(1) 
S(4) 66(1) 70(1) 52(1) -36(1) 6(1) -16(1) C(4) 52(2) 56(2) 40(2) -25(2) -13(2) -6(2) 
N(7) 67(2) 57(2) 49(2) -33(2) 1(2) -12(1) N(8) 63(2) 54(2) 52(2) -30(2) 2(2) -12(2) 
S(5) 68(1) 48(1) 60(1) -15(1) -31(1) 0(1) C(5) 46(2) 46(2) 53(2) -10(2) -15(2) -9(2) 
N(9) 73(2) 54(2) 55(2) -29(2) -29(2) 6(2) N(10) 92(2) 53(2) 72(2) -30(2) ^3(2) 2(2) 
S(6) 55(1) 73(1) 70(1) -19(1) -20(1) -18(1) C(6) 54(2) 58(2) 41(2) -23(2) -8(2) -3(2) 
N(11) 61(2) 56(2) 106(3) -20(2) -38(2) -6(2) N(12) 57(2) 52(2) 67(2) -18(2) -15(2) -6(2) 
C(7) 47(2) 59(2) 28(2) -20(2) -11(2) -2(2) 0(1) 57(1) 53(2) 50(1) -29(1) -12(1) 2(1) 
0(2) 42(1) 53(1) 51(1) -20(1) -10(1) 1(1) 0(3) 45(1) 58(2) 49(1) -9(1) >6(1) 5(1) 
N(13) 60(2) 52(2) 40(2) -20(1) -12(1) -10(1) C(8) 73(3) 50(2) 62(2) -25(2) -21(2) -9(2) 
C(9) 132(4) 68(3) 125(4) -52(3) -52(4) 19(3) C(10) 69(3) 53(2) 66(3) -25(2) -18(2) 7(2) 
C(11) 108(4) 55(3) 181(5) -35(3) ^3(4) 10(3) C(12) 68(3) 96(3) 51(2) -21(2) -2(2) -27(2) 
C(13) 65(3) 104(3) 69(3) -16(3) -10(2) -15(2) C(14) 71(3) 69(3) 57(2) -22(2) -20(2) -14(2) 
C(15) 75(3) 72(3) 75(3) -22(2) -26(2) 2(2) C(16) 89(4) 109(4) 134(4) -29(3) 40(3) -25(3) 
N(14) 55(2) 39(2) 41(2) -12(1) -13(1) -3(1) C(17) 60(3) 51(2) 65(3) -8(2) -12(2) -12(2) 
C(18) 59(2) 61(2) 72(3) -23(2) 4(2) -16(2) C(19) 84(3) 58(2) 51(2) -32(2) -22(2) -5(2) 
C(20) 81(3) 79(3) 92(3) -37(3) -30(3) -12(2) C(21) 90(3) 59(3) 53(2) -25(2) -12(2) 5(2) 
C(22) 136(4) 51(3) 83(3) -29(3) -18(3) 9(2) C(23) 53(2) 44(2) 52(2) -12(2) -11(2) -13(2) 
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C(24) 69(3) 82(3) 67(3) -28(2) -15(2) -28(2) C(25) 128(4) 93(3) 66(3) -55(3) -8(3) -31(2) 
[(CH3)3(QHs)Nh+(C03)22-.ll(NH2)2CS.H20(2.2.24) 
S(1) 133(1) 74(1) 64(1) 43(1) -3(1) 15(1) C(1) 74(1) 65(1) 57(1) 18(1) 14(1) 20(1) 
N(1) 100(1) 70(1) 63(1) 38(1) 5(1) 17(1) N(2) 99(1) 66(1) 63(1) 33(1) 3(1) 2(1) 
S(2) 85(1) 67(1) 76(1) 20(1) 1(1) 26(1) C(2) 66(1) 71(1) 70(1) 23(1) 26(1) 35(1) 
N(3) 82(1) 69(1) 74(1) 25(1) 6(1) 26(1) N(4) 101(1) 59(1) 77(1) 18(1) 0(1) 25(1) 
S(3) 94(1) 68(1) 59(1) 33(1) 8(1) 15(1) C(3) 67(1) 72(1) 67(1) 25(1) 26(1) 30(1) 
N(5) 96(1) 67(1) 60(1) 35(1) 4(1) 11(1) N(6) 109(1) 71(1) 62(1) 40(1) 10(1) 24(1) 
S(4) 100(1) 78(1) 83(1) 37(1) -17(1) 8(1) C(4) 78(1) 79(1) 58(1) 35(1) 15(1) 18(1) 
N(7) 108(1) 69(1) 67(1) 41(1) -11(1) 7(1) N(8) 110(1) 68(1) 67(1) 32(1) ^(1) 9(1) 
S(5) 90(1) 60(1) 115(1) 19(1) -18(1) 23(1) C(5) 100(1) 72(1) 61(1) 30(1) 11(1) 18(1) 
N(9) 126(1) 68(1) 98(1) 15(1) -24(1) 9(1) N(10) 136(1) 64(1) 94(1) 33(1) 0(1) 21(1) 
S(6) 91(1) 114(1) 90(1) 58(1) 43(1) 59(1) C(6) 50(1) 50(1) 51(1) 13(1) 8(1) 10(1) 
N(11) 71(1) 98(1) 66(1) 42(1) 25(1) 42(1) N(12) 75(1) 97(1) 93(1) 49(1) 42(1) 64(1) 
S(7) 53(1) 68(1) 58(1) 20(1) 8(1) 28(1) C(7) 62(1) 49(1) 32(1) 23(1) 6(1) 3(1) 
N(13) 48(1) 81(1) 59(1) 28(1) 16(1) 28(1) N(14) 65(1) 77(1) 76(1) 24(1) 16(1) 39(1) 
S(8) 80(1) 90(1) 78(1) 40(1) 21(1) 53(1) C(8) 62(1) 69(1) 57(1) 24(1) 8(1) 28(1) 
N(15) 72(1) 139(1) 141(1) 61(1) 48(1) 106(1) N(16) 69(1) 71(1) 71(1) 30(1) 17(1) 40(1) 
S(9) 73(1) 108(1) 97(1) 21(1) 3(1) 67(1) C(9) 65(1) 54(1) 76(1) 9(1) 1(1) 32(1) 
N(17) 80(1) 135(1) 127(1) 51(1) 36(1) 99(1) N(18) 88(1) 107(1) 60(1) 55(1) 9(1) 37(1) 
S(10) 50(1) 84(1) 93(1) 25(1) 15(1) 52(1) C(10) 61(1) 53(1) 46(1) 26(1) 10(1) 8(1) 
N(19) 49(1) 98(1) 77(1) 28(1) 13(1) 44(1) N(20) 53(1) 85(1) 86(1) 24(1) 22(1) 51(1) 
S(11) 48(1) 62(1) 65(1) 21(1) 8(1) 27(1) C(11) 46(1) 38(1) 51(1) 8(1) -2(1) 3(1) 
N(21) 39(1) 64(1) 85(1) 14(1) 8(1) 26(1) N(22) 67(1) 97(1) 63(1) 25(1) 7(1) 41(1) 
C(12) 71(1) 52(1) 53(1) 24(1) 14(1) 23(1) 0(1) 68(1) 70(1) 89(1) 20(1) 12(1) 54(1) 
0(2) 62(1) 84(1) 113(1) 18(1) 1(1) 63(1) 0(3) 66(1) 68(1) 76(1) 12(1) 12(1) 43(1) 
C(13) 52(1) 38(1) 59(1) 11(1) 6(1) 10(1) 0(4) 71(1) 79(1) 61(1) 27(1) 12(1) 36(1) 
0(5) 80(1) 98(1) 80(1) 50(1) 28(1) 54(1) 0(6) 69(1) 80(1) 71(1) 39(1) 28(1) 38(1) 
N(23) 133(1) 129(1) 87(1) 37(1) 20(1) 12(1) C(14) 601(1) 194(1) 359(1) 232(1) -285(1) -124(1) 
C(15) 224(1) 279(1) 101(1) 51(1) 59(1) -80(1) C(16) 121(1) 126(1) 119(1) -7(1) 23(1) -15(1) 
C(17) 108(1) 179(1) 143(1) 10(1) 60(1) 78(1) C(18) 177(1) 105(1) 106(1) -24(1) 63(1) -66(1) 
C(19) 251(1) 146(1) 97(1) -29(1) 35(1) 25(1) C(20) 183(1) 96(1) 129(1) ^6(1) 44(1) -78(1) 
C(21) 117(1) 197(1) 173(1) 22(1) 76(1) 44(1) C(22) 90(1) 86(1) 55(1) 9(1) 18(1) -2(1) 
N(24) 153(1) 117(1) 144(1) 25(1) -6(1) -9(1) C(23) 248(1) 71(1) 264(1) 47(1) 49(1) -3(1) 
C(24) 171(1) 260(1) 135(1) -31(1) 2(1) -33(1) C(25) 243(1) 235(1) 145(1) 143(1) 61(1) -56(1) 
C(26) 101(1) 150(1) 155(1) 11(1) 37(1) 67(1) C(27) 131(1) 80(1) 195(1) ^0(1) 40(1) -53(1) 
C(28) 147(1) 99(1) 203(1) 46(1) 6(1) 24(1) C(29) 148(1) 82(1) 222(1) -16(1) 52(1) 45(1) 
C(30) 106(1) 206(1) 175(1) 60(1) 56(1) 114(1) C(31) 113(1) 90(1) 80(1) 46(1) 33(1) 24(1) 
N(25) 136(1) 156(1) 106(1) 40(1) 23(1) 51(1) C(32) 252(1) 125(1) 224(1) 46(1) 134(1) 16(1) 
C(33) 235(1) 410(1) 154(1) 4(1) 10(1) 162(1) C(34) 142(1) 93(1) 178(1) -11(1) -3(1) 43(1) 
C(35) 143(1) 180(1) 148(1) 24(1) 60(1) 86(1) C(36) 244(1) 173(1) 110(1) 7(1) 78(1) -31(1) 
C(37) 387(1) 98(1) 205(1) -16(1) 42(1) 16(1) C(38) 398(1) 84(1) 122(1) ^6(1) 76(1) -26(1) 
C(39) 203(1) 168(1) 156(1) -3(1) 37(1) 77(1) C(40) 105(1) 83(1) 108(1) 12(1) 10(1) 13(1) 
C(44) 196(1) 321(1) 296(1) -6(1) 145(1) 127(1) C(45) 606(1) 179(1) 417(1) -256(1) 361(1) -239(1) 
C(46) 184(1) 253(1) 287(1) 51(1) -18(1) 73(1) C(47) 334(1) 208(1) 572(1) 87(1) 173(1) -162(1) 
C(48) 187(1) 808(1) 532(1) 159(1) 286(1) 439(1) C(49) 179(1) 50(1) 151(1) -7(1) 22(1) -8(1) 
Atom X y z U Atom x y z U 
(w-C4H9)3(CH3)N^C2O4 0^H2)2CSVfl2C2O4(2.2.22) 
H(lA) 4455 5548 10288 80 H(lB) 4434 5789 10625 80 
H(2A) 2749 5865 9317 80 H(2B) 3431 5974 10066 80 
H(2C) 2286 6282 9552 80 H(5D) 3863 5183 8951 80 
H(5A) 3684 6904 8174 80 H(5B) 4436 6949 9002 80 
H(5C) 4002 7132 8142 80 H(6A) 4309 6962 3927 80 
H(6B) 3929 7132 4988 80 H(7A) 3072 6913 5620 80 
H(7B) 3452 6743 4553 80 H(8A) 3233 6925 2179 100 
H(8B) 2839 7091 3258 100 H(9A) 2060 6913 1746 120 
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H(9B) 2332 6705 2600 120 H(9C) 1931 6874 3700 120 
H(lOA) 4815 6696 5058 80 H(lOB) 4252 6635 6412 80 
H(llA) 5150 6648 8347 80 H(llB) 5685 6676 6866 80 
H(12A) 5476 6367 6036 100 H(12B) 4960 6341 7538 100 
H(13A) 5804 6148 7666 120 H(13B) 6349 6336 7643 120 
H(13C) 5819 6309 9184 120 H(14A) 5330 7047 5188 80 
H(14B) 5437 7021 7124 80 H(15A) 5051 7301 7625 80 
H(15B) 4829 7326 5743 80 
[(C2Hs)3(«-C3H7)N]2+C032�6CVH2)2CS(2.2.23) 
H(lA) 8138 6025 5127 80 H(lB) 7986 4931 5043 80 
H(2A) 5293 6168 4632 80 H(2B) 6318 5018 4755 80 
H(3A) 934 7395 5810 80 H(3B) 1009 7973 6515 80 
H(4A) 3800 7936 5609 80 H(4B) 2678 8291 6394 80 
H(5A) 1264 7665 4054 80 H(5B) 527 8611 3452 80 
H(6A) -2084 8267 4378 80 H(6B) -1406 8958 3638 80 
H(7A) 2183 9017 519 80 H(7B) 1206 9709 1254 80 
H(8A) 1803 12062 594 80 H(8B) 983 11466 1295 80 
H(9A) 2813 9062 -1194 80 H(9B) 2238 8949 -1871 80 
H(lOA) 2063 6427 -986 80 H(lOB) 1798 7398 -1748 80 
H(llA) 3618 4891 136 80 H(llB) 4788 3858 190 80 
H(12A) 3876 1913 -28 80 H(12B) 4940 2131 96 80 
H(8C) 914 4588 8547 80 H(8D) ^55 5024 8645 80 
H(9C) 325 6380 7789 80 H(9D) 1199 5514 7131 80 
H(9E) -187 5955 7230 80 H(lOC) 401 3182 9126 80 
H(lOD) 975 2754 8999 80 H(llC) 375 1253 9102 80 
H(llD) -174 1855 8298 80 H(llE) 1217 1422 8170 80 
H(12C) 1696 3829 6752 80 H(12D) 1752 2605 7106 80 
H03A) 3481 2799 7127 80 H(13B) 2724 3748 7738 80 
H(13C) 2779 2506 8088 80 H(14A) -312 3256 7221 80 
H(14B) -345 4484 6926 80 H(15A) -1904 5063 8152 80 
H(15B) -1876 3831 8439 80 H(16A) -3403 4843 7741 80 
H(16B) -2456 5123 6909 80 H(16C) -2428 3882 7198 80 
H(17A) 1840 10865 2893 80 H(17B) 1882 11587 3504 80 
H(18A) 832 10415 4300 80 H(18B) 1953 9359 3993 80 
H(18C) 1996 10090 4611 80 H(19A) 3962 9887 4188 80 
H(19B) 3643 11175 3938 80 H(20A) 5651 10326 3909 80 
H(20B) 5841 9575 3214 80 H(20C) 5518 10880 2961 80 
H(21A) 3410 11244 1783 80 H(21B) 4668 10933 1926 80 
H(22A) 3713 12880 1804 80 H(22B) 2654 12731 2598 80 
H(22C) 3926 12417 2743 80 H(23A) 3904 8754 3320 80 
H(23B) 4901 9043 2562 80 H(24A) 3809 9412 1570 80 
H(24B) 2703 9296 2316 80 H(25A) 3719 7629 1671 80 
H(25B) 4881 7515 1902 80 H(25C) 3768 7398 2653 80 
[(CH3)3(C6Hs)N�2+(C03)22�ll(NH2)2CS-H20(2.2.24) 
H(lA) 3325 6606 4429 80 H(lB) 3998 7240 5104 80 
H(2A) 5346 5880 5354 80 H(2B) 5201 6803 5664 80 
H(3A) 2323 4934 3245 80 H(3B) 1436 4349 2613 80 
H(4A) 570 5886 2345 80 H(4B) 414 4886 2085 80 
H(5A) 1306 7715 3336 80 H(5B) 1300 8678 3646 80 
H(6A) 431 8696 2452 80 H(6B) 279 9251 3134 80 
H(7A) -2833 8337 398 80 H(7B) -3026 7332 109 80 
H(8A) -1539 7216 1339 80 H(8B) -2257 6682 656 80 
H(9A) -1940 10130 1205 80 H(9B) -1804 11126 1430 80 
H(lOA) "4279 10891 534 80 H(lOB) -3175 11593 1035 80 
H(llA) 6796 1503 4155 80 H(llB) 7932 1271 3913 80 
H(12A) 8585 490 4981 80 H(12B) 8972 687 4386 80 
H(13A) 6540 -357 5488 80 H(13B) 5859 -1016 5795 80 
H(14A) 8273 -1398 6326 80 H(14B) 6863 -1617 6283 80 
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H(15A) 10934 1607 2448 80 H(15B) 10283 2164 2226 80 
H(16A) 7953 1883 2979 80 H(16B) 8584 2307 2518 80 
H(17A) 3517 2873 2291 80 H(17B) 4329 2658 2739 80 
H(18A) 6562 2562 1903 80 H(18B) 6083 2473 2513 80 
H(19A) 3470 5117 -279 80 H(19B) 4148 5695 -642 80 
H(20A) 1766 6023 -1260 80 H(20B) 3173 6211 -1198 80 
H(21A) 1411 4583 456 80 H(21B) 753 4201 930 80 
H(22A) 2995 3528 1338 80 H(22B) 1697 3571 1449 80 
H(14C) 3539 5143 7741 80 H(14D) 3344 4704 7004 80 
H(14E) 2441 4277 7388 80 H(15C) 3924 4521 8311 80 
H(15D) 2831 3698 7882 80 H(15E) 4135 3621 7978 80 
H(16C) 5428 5109 7849 80 H(16D) 5742 4242 7545 80 
H(16E) 5390 4719 7118 80 H(17) 5311 3356 6573 80 
H(18) 4695 1997 5721 80 H(19) 2650 1065 5495 80 
H(20) 1222 1491 6121 80 H(21) 1839 2850 6973 80 
H(23A) 4886 9886 2152 80 H(23B) 6123 10363 2622 80 
H(23C) 6051 9636 1968 80 H(24A) 6984 9653 3226 80 
H(24B) 6361 8645 3081 80 H(24C) 6948 8965 2560 80 
H(25A) 3782 9388 2943 80 H(25B) 4366 8896 3278 80 
H(25C) 4982 9909 3438 80 H(26) 5820 8391 1523 80 
H(27) 4868 6982 746 80 H(28) 3097 6016 905 80 
H(29) 2278 6460 1839 80 H(30) 3230 7868 2615 80 
H(32A) 6838 2331 9592 80 H(32B) 6820 1644 9910 80 
H(32C) 7701 2616 10230 80 H(33A) 9776 1501 9751 80 
H(33B) 9591 2343 10229 80 H(33C) 8877 1411 10235 80 
H(34A) 8496 2821 9119 80 H(34B) 9488 3198 9723 80 
H(34C) 9660 2529 9095 80 H(35) 8841 1496 8330 80 
H(36) 8151 107 7509 80 H(37) 6832 -1114 7678 80 
H(38) 6204 -946 8668 80 H(39) 6894 443 9489 80 
H(44) 2834 4782 5314 80 H(45) 3510 6182 6123 80 
H(46) 2254 6578 6874 80 H(47) 322 5573 6815 80 
H(48) -354 4172 6007 ^ 
Table A-3 Atomic coordinates (x 10 )^ and thermal parameters*�R x lQ )^ of 2.3.1-2.3.4 Atom x y 
(C2Hs)4N^Cr-20SrH2)2CSe (2.3.1) 
Se(l) 1140(1) 923(1) 2921(1) 61(1) C(1) 1755(3) 2095(3) 2343(3) 53(1) 
N(1) 2226(3) 1836(3) 1761(2) 73(1) N(2) 1758(3) 3258(3) 2514(2) 63(1) 
Se(2) -624(1) 1219(1) 5836(1) 78(1) C(2) 303(3) 2231(3) 5256(3) 49(1) 
N(3) 307(3) 3402(3) 5328(2) 71(1) N(4) 914(3) 1766(3) 4737(2) 64(1) 
C1(1) 1583(2) 4470(2) 3999(1) 86(1) N(5) 1249(3) 2620(3) 8663(3) 107(1) 
C(3) 732(3) 2548(3) 7915(3) 181(1) C(4) 1934(3) 2654(3) 7509(3) 574(1) 
C(5) 2089(3) 3744(3) 8863(3) 125(1) C(6) 1126(3) 4828(3) 8748(3) 283(1) 
C(7) -55(3) 2480(3) 9005(3) 235(1) C(8) 193(3) 2466(3) 9775(3) 273(1) 
C(9) 2355(3) 1685(3) 8883(3) 279(1) C(10) 1737(3) 456(3) 8746(3) 490(1) 
(w-C3H7)4N+Cr.3(NH2)2CSe (2.3.2) 
Se(l) 5780 4349(2) 4744 61(1) C(1) 6443(3) 4747(3) 3933(3) 46(1) 
N(1) 6181(3) 4905(3) 2715(3) 45(1) N(2) 7218(3) 4735(3) 4535(3) 58(1) 
Se(2) 4219(1) 5652(2) 944(1) 62(1) C(2) 3471(3) 5358(3) 1646(3) 53(1) 
N(3) 2695(3) 5376(3) 1046(3) 71(1) N(4) 3762(3) 4961(3) 2774(3) 101(1) 
Se(3) 8141(2) 4313(2) 7720(2) 102(1) C(3) 7739(3) 3061(3) 7793(3) 90(1) 
N(5) 8124(3) 2442(3) 8694(3) 110(1) N(6) 6988(3) 2821(3) 7108(3) 76(1) 
C1(1) 1853(2) 4315(3) 2954(3) 28(1) N(7) 19(3) 2872(3) 5248(3) 57(1) 
C(4) -684(3) 2162(3) 5075(3) 81(1) C(5) -1487(3) 2668(3) 4941(3) 74(1) 
C(6) -2255(3) 1978(3) 4503(3) 90(1) C(7) 777(3) 2251(3) 5520(3) 57(1) 
C(8) 1505(3) 2773(3) 5861(3) 82(1) C(9) 2075(3) 2055(3) 5827(3) 96(1) 
C(10) 187(3) 3473(3) 6468(3) 43(1) C(11) 374(3) 2957(3) 7660(3) 70(1) 
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C(12) 643(3) 3648(3) 8817(3) 104(1) C(13) -71(3) 3620(3) 4194(3) 87(1) 
C(14) -219(3) 3086(3) 2934(3) 124(1) C(15) -322(3) 3776(3) 1939(3) 81(1) 
(w-C3H7)4N^r 30^H2)2CSe (2.3.3) 
Se(l) 5780 4360(2) 4744 57(1) C(1) 6457(3) 4662(3) 3956(3) 41(1) 
N(1) 6195(3) 4945(3) 2779(3) 68(1) N(2) 7224(3) 4641(4) 4620(4) 93(1) 
Se(2) 4226(1) 5648(2) 936(1) 70(1) C(2) 3550(3) 5304(4) 1714(3) 76(1) 
N(3) 2775(3) 5344(4) 1161(3) 62(1) N(4) 3846(3) 5048(4) 2905(3) 94(1) 
Se(3) 8165(2) 4369(2) 7754(2) 72(1) C(3) 7770(3) 3120(3) 7813(4) 66(1) 
N(5) 8192(3) 2450(3) 8607(4) 80(1) N(6) 7050(3) 2825(3) 7080(4) 70(1) 
BrO) 1812(2) 4397(2) 2900(3) 83(1) N(7) ^5(4) 2866(3) 5250(4) 57(1) 
C(4) -707(3) 2166(4) 5213(4) 64(1) C(5) -1485(3) 2700(4) 5043(4) 55(1) 
C(6) -2228(3) 2031(4) 4606(4) 89(1) C(7) 695(3) 2234(4) 5616(4) 85(1) 
C(8) 1480(3) 2765(4) 6009(4) 88(1) C(9) 2019(4) 1991(4) 5918(4) 116(1) 
C(10) 183(4) 3520(4) 6433(4) 78(1) C(11) 272(4) 3052(4) 7699(4) 73(1) 
C(12) 596(4) 3717(4) 8818(4) 112(1) C(13) -116(3) 3521(4) 4197(4) 48(1) 
C(14) -354(4) 2923(4) 3022(4) 126(1) C(15) -397(3) 3661(4) 1989(4) 74(1) 
(w-C3H7)4N^-(NH2)2CSe (2.3.4) 
Se(l) 2454(1) -535(1) 5002(1) 64(1) C(1) 2504(2) 719(2) 4781(2) 46(1) 
N(1) 3746(2) 1130(2) 4589(2) 58(1) N(2) 1283(2) 1225(2) 4800(2) 64(1) 
I(1) 2839(1) 3533(1) 4524(1) 77(1) N(3) 2092(2) 1705(2) 1603(2) 41(1) 
C(2) 1098(2) 2520(2) 1581(2) 153(1) C(3) 374(2) 2966(2) 2128(2) 122(1) 
C(4) -360(2) 3821(2) 2013(2) 96(1) C(5) 1396(2) 971(2) 2079(2) 132(1) 
C(6) 203(2) 569(2) 2137(2) 201(1) C(7) -375(2) -131(2) 2633(2) 96(1) 
C(8) 2289(2) 1389(2) 713(2) 128(1) C(9) 3010(2) 1661(2) 95(2) 153(1) 
C(10) 3070(2) 1337(2) -773(2) 111(1) C(11) 3576(2) 1940(2) 2010(2) 163(1) 
C(12) 4854(2) 1649(2) 2078(2) 175(1) C(13) 6207(2) 1895(2) 2479(2) 147(1) 
Atom Uu U22 U33 Uu Un U23 Atom Uu U22 C/33 U^ Uu U23 
(w-C4H9)4^THC2O4 .20VH2)2C:S (2.3.1) 
Se(l) 77(1) 48(1) 64(1) -3(1) 29(1) 7(1) C(1) 59(1) 48(1) 54(1) 4(1) 17(1) 0(1) 
N(1) 126(1) 46(1) 54(1) -11(1) 45(1) 1(1) N(2) 80(1) 53(1) 61(1) -1(1) 25(1) 8(1) 
Se(2) 135(1) 46(1) 60(1) 8(1) 46(1) 0(1) C(2) 61(1) 43(1) 44(1) 10(1) 10(1) 5(1) 
N(3) 114(1) 42(1) 64(1) -2(1) 39(1) -3(1) N(4) 91(1) 36(1) 70(1) -1(1) 29(1) 3(1) 
C1(1) 131(1) 49(1) 90(1) 5(1) 64(1) -1(1) N(5) 26(1) 133(1) 156(1) -27(1) -14(1) -14(1) 
C(3) 133(1) 221(1) 164(1) -71(1) -86(1) -13(1) C(4) 170(1) 1330(1) 229(1) -360(1) 56(1) -326(1) 
C(5) 82(1) 191(1) 99(1) -8(1) 1(1) -16(1) C(6) 220(1) 239(1) 361(1) -96(1) -83(1) -12(1) 
C(7) 99(1) 366(1) 215(1) -124(1) -87(1) 136(1) C(8) 105(1) 436(1) 273(1) -91(1) 3(1) 119(1) 
C(9) 161(1) 221(1) 403(1) 65(1) -179(1) -167(1) C(10) 359(1) 277(1) 725(1) 203(1) -384(1) -185(1) 
(CH3)4N^C4H204 'C^H2)2CS (2.3.2) 
Se(l) 59(1) 78(1) 48(1) 17(1) 21(1) 19(1) C(1) 43(1) 50(1) 44(1) 26(1) 15(1) 1(1) 
N(1) 54(1) 78(1) 5(1) 12(1) 13(1) 13(1) N(2) 46(1) 92(1) 46(1) 31(1) 27(1) 20(1) 
Se(2) 66(1) 79(1) 38(1) 0(1) 15(1) 2(1) C(2) 67(1) 67(1) 25(1) 24(1) 19(1) 8(1) 
N(3) 64(1) 76(1) 71(1) 39(1) 24(1) 40(1) N(4) 100(1) 103(1) 89(1) -3(1) 23(1) -18(1) 
Se(3) 92(1) 121(1) 86(1) -13(1) 28(1) 12(1) C(3) 133(1) 93(1) 66(1) 7(1) 61(1) 19(1) 
N(5) 137(1) 75(1) 95(1) 25(1) 18(1) 16(1) N(6) 61(1) 56(1) 81(1) -3(1) -8(1) 5(1) 
C1(1) 18(1) 48(1) 19(1) -6(1) 7(1) -7(1) N(7) 56(1) 37(1) 63(1) -9(1) 6(1) -23(1) 
C(4) 72(1) 65(1) 114(1) 20(1) 44(1) 5(1) C(5) 52(1) 52(1) 106(1) -3(1) 15(1) 3(1) 
C(6) 69(1) 81(1) 103(1) -30(1) 11(1) 5(1) C(7) 53(1) 21(1) 87(1) 27(1) 17(1) 3(1) 
C(8) 73(1) 67(1) 100(1) -9(1) 26(1) -17(1) C(9) 51(1) 86(1) 121(1) 15(1) -1(1) 9(1) 
C(10) 46(1) 23(1) 48(1) 7(1) 4(1) -8(1) C(11) 90(1) 61(1) 50(1) 12(1) 17(1) 21(1) 
C(12) 107(1) 112(1) 97(1) 3(1) 44(1) 29(1) C(13) 102(1) 74(1) 91(1) 6(1) 42(1) -8(1) 
C(14) 135(1) 114(1) 113(1) -27(1) 36(1) -10(1) C(15) 64(1) 82(1) 66(1) >4(1) -12(1) -12(1) 
[(C2Hs)4N]2^C4H2O4'-20VH2)2CS(2.3.3) 
Se(l) 49(1) 66(1) 44(1) 18(1) 3(1) 13(1) C(1) 48(1) 25(1) 58(1) 4(1) 28(1) 5(1) 
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^ 1 ^ ! 214 4085 8748 80 H(13A) 363 4074 4414 80 
5 ^ ^ ¾ -556 3978 4029 80 H(14A) -639 2611 2725 80 
" ( ; ¾ 276 2760 3069 80 H(15A) -362 3469 1170 80 
H(15B) -815 4097 1830 80 H(15C) 102 4246 2174 80 
[(C2Hs)4Nh+C4H[20,.2a*^H2)2CS(2.3.3) 
$ ^ A ) 5669 4927 2343 80 H(lB) 6522 5106 2396 80 
H(2A) 7384 4406 5403 80 H(2B) 7583 4784 4288 80 
H(3A) 2518 5483 346 80 H(3B) 2501 5173 1630 80 
H(4A) 4371 4984 3325 80 H(4B) 3511 4884 3273 80 
H(5A) 8678 2595 9162 80 H(5B) 7985 1859 8613 80 
H(6A) 6731 3246 6521 80 H(6B) 6878 2222 7133 80 
H(4C) -545 1859 6016 80 H(4D) -774 1668 4603 80 
H(5C) -1565 3171 4396 80 H(5D) -1460 3044 5778 80 
H(6C) -2695 2411 4455 80 H(6D) -2274 1697 3854 80 
H(6E) -2168 1568 5254 80 H(7A) 636 1751 4991 80 
H(7B) 755 1913 6382 80 H(8A) 1653 3109 6788 80 
H(8B) 1384 3217 5336 80 H(9A) 2517 2286 6032 80 
H(9B) 2090 1544 6587 80 H(9C) 1821 1652 5135 80 
H(lOA) -287 3891 6296 80 H(lOB) 603 3964 6514 80 
H(llA) 766 2721 7894 80 H(llB) -131 2585 7627 80 
H(12A) 730 3399 9610 80 H(12B) 999 4180 8871 80 
H(12C) 99 4043 8602 80 H(13A) 313 3975 4424 80 
H(13B) -592 3882 4051 80 H(14A) -715 2389 2869 80 
H(14B) 152 2669 3108 80 H(15A) ^36 3323 1243 80 
H(15B) -908 3907 1892 80 H(15C) -32 4189 2134 80 
(w-C3H7)4N^C4H2O4-20VH2)2CS-2H2O(2.3.4) 
H(lA) 4592 798 4572 80 H(lB) 3755 1742 4481 80 
H(2A) 417 963 4929 80 H(2B) 1320 1836 4689 80 
H(2C) 278 2313 1194 80 H(2D) 1605 2986 1268 80 
H(3A) 1155 3076 2576 80 H(3B) -317 2546 2367 80 
H(4A) -727 4040 2547 80 H(4B) 314 4269 1800 80 
H(4C) -1184 3730 1588 80 H(5A) 1429 1219 2659 80 
H(5B) 2098 469 2098 80 H(6A) 161 283 1572 80 
H(6B) -521 1059 2107 80 H(7A) -1360 -343 2446 80 
H(7B) 305 -644 2658 80 H(7C) -389 144 3201 80 
H(8A) 1303 1252 462 80 H(8B) 2788 806 806 80 
H(9A) 4013 1776 329 80 H(9B) 2536 2252 6 80 
H(lOA) 3608 1737 -1138 80 H(lOB) 3580 755 -707 80 
H(lOC) 2079 1238 -1035 80 H(llA) 3387 2108 2596 80 
H(llB) 3793 2507 1720 80 H(12A) 5063 1486 1494 80 
H(12B) 4651 1080 2368 80 H(13A) 6970 1434 2445 80 
H(13B) 6496 2447 2187 ^ H(13C) 6076 2033 3079 80 
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